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dUi ^ jj iiju v usai u ii^s t ^asui ji ^ o _>» ^ijjj 

Ur* Ow’A jUl j jUM ,ji<3*. ; a*^ (3 j^s-l ^^Lap dOk>- jjA as Us oJUj dill 

f ^ — dU^Ul ^ *> L.O — j ^ S A)^-*Sxd AsUs l , ^ h ^Asxa^wI t__Ul U/a j 1 t__Us t C Iw-Lq«ma£J" 

(_5 S y SlalS" AsUs ^ j?xj A*_pl J iL* (J-*-®' ^djUt-d' AsUs cJJL L» J 

. A*Bj Aj<j < jUSUI 


; Lo-AsLio JUll Id* 

01 (_ 5 ^ (. (JjJLil «Jl A^ od (_g^L, <.— " .) 0>153| AsUaJl ( jd> J sLaJl 01 — 1 

. (t J^P- AsUs)) AAalSUl AsUaJl 

sbt) • AjwSj'ifl AoiUkl ^ „ o oLsdl AAdlXll AsUaJl A5i Ol - >— J 

JjjL-Jl JUll ^ ^jic AsUaJJ j>A jtL^ JOU*- y* U (_)-*■£• jdi Ot AjM 

. chemical energy ajjU^UI AsUaJl 



4 .* , H i m hH :LuG 


6}> {j* oJjJj£ <j£*i dUi <_jL e-j <.j~£ JL?~ ^1 ^ Aa |-UaJl 

J—**- 0 a-5 J'^ > " J^li ‘*^"'—4 J k jA jLs41>- j^>-'-J bS£ j»Ui) (jjl J 

(White, L.D, etal, 1984, pp9 - 10.) ^ 

j\ atoms oljJJl Ju aljll & £ljt J Jus j : ^IkU 5J _ 1 

toljLxll j| Jail isj\j\o£j Ja^JI oL> Ju J jl ioUj_yA-l 

< '"- 0 j a j~* <1)1^4 ^ j*Ualll oli j£-“ (1) jl jvaXfr Jls j 


4^a — 0 CjIiLmOj J sph*Jl #JlA J~<wo : 1 jjLiscs jt j — *s>bj»J! SJU- _ v_j 

e»jl jl OJ^ll ,Wi* «yall jl t xll J oLwtfLJlU 

Sjl jjA-l i>-jj Ju jJlsxjs ^L-JLc L^jjlXoj l^J JjJj£ i j£a-> o j-O^j 

. la.* ...'j 11 ^1 f ^L/il 


lIjI/LmS* ^ 4 i^3 l y = j jl jk{C& ^y> j&\ jl {ji j+als - 4_9^> >- 

jl i iai—^aJlj ^ JU j —>- T *J*aX*j jl <U_-^aj ^vjLoJ! 

. Lg^Ua! J>-b j^U*Jl >w«j jj jl ^UaJ ^Jb£ ^1 iit>UJl 


t- J-*J> ^Js- 4j^3 4 SjtkiJLl .il jil j 4 — SUaJl; I j£S isAwJall Lil^AjLl jMj 

1 ^ -.“ ^c. 1 g 1 a*. • a Ja*"l^ j^^IaaII 4_P^^>ca 4jL^j ^Ualli 4 — 4 j^aj U.} 

il y> J_ SLi ^ CJlS - f-\ j-^ t$— «UaJ J>-lj LjLiSlj l 1 
^UiJi ^_p L^JS — SxJl dUi S'j energy 4*U» jl materials 

. 4Jl_j <Oa 


■— 4t-<i j^a>- ^ oU"AjJi «i> (*1 



Types of systems : 

: Lwj JjuiJ p ..la x l l {j* _pl iitAi 

: Isolated - System Jyell |»UaJi _ 1 

<£j— a-SM A^Jaj'Vl ^ j Jf’l aj jl Cjl_i'!>tp y j»Uidl jAj 

Ojj>-j yXy J:-. <u* la.il A— iL-Jl ^9 ^UicJl IJlA ^a Nj 

. thermo dynamics ajj! J~\ oLSL»tojJl ^ja\1a Jbi>cJ J*jdl ^ Jaii 

: Closed - System Jiil! ^UaJI - ^ 

^tladl zjA>- j — .p AiUaJl (J^l — u aJ^>- L PyX ^.lax i l j — £51 

• A la ■ j^ T_o ^ W i t o ^^P iljJJ tjita 'll l j c A^jIj 

: Open - System ^UaJl _ _>■ 

^UaJl Aj j>*j JIaIoMI AiliaJlj oiU.1 Jyi jJ5 ^JaJl oJa 

tf& cilil (JU&ii d|i j» ladl oXa jJi-4 ^ AjI ^5jJL| yS>-j i y»j A1-j 
0>l_5 Aj jLo— £_jT aSUs ^J-P il jit (5 y^- i±~_>- AsliaJJ Jl_2_Joi cJ ^yll yXi J* 

. potential energy 

• (' \?T s jjOJl) Jji2i.l ^UaiJl £• Jlia 

j ijJl_p- J^-b (aU. 1) Sail! ^y> oL~o_5 J _>- y SjjjJi oj-A ^ 

(J^As -j j»UscJI .ij-Jb*- g-jb- y» ^lalU <LolS A_j«k(-s£ aSUs> ij^>b»- yt Af>-b ajj-tJl 

c ^jlLdl y>- jljjJU^Ji |«Uidl ^jS 5 yS ol yA J C- jJp- yfj'Jl Aj Oy (_$dJl 0>jhJl 

abli a — *J**^/> ci^t . <> 5 oJ Aj-j^-ldl ^il L-*wLv*»l <»iAb jij 

c ApJ&>*/> A»JC»j ol jX iS*X>- t ice Caps AjJ^L>- olf’UaP' oUa->tll ^jS AjjX>d.l 
t AXjU d-^Sj . «i oL-Ul Ajl^ll Ajj 4^)I 0|^ ol^_*ixSl oj^ J5" 

, ( ^ J^-i) jvJb J-^>j Uljw jl *^AAa ^llaJl yaj 

L_J si s^® Ij y S yj-^i — * ^ s ‘~ J ^— 1 ^ bl 

JS tAj^Jl iwaj_r s A-x]l obliJl 1 — $x* Ait«l c <L_.>u.kll 

,(\ J5Li) UjjJts- yP laojjjj AitlaJlj jljil ^Jahj ^JalJl oJa 



0 ),ij 

' pJaJI £l jii 

t g a 7 | jjiS 1 IIJupL-j j! ^ 5 C«ji *>■ jJaJlj cP'-r 4 ^ryj 


(^JUl J£JL)I ^jJii ' «CU V j»Uadi U>-U)l aiUlj LilkJl 01- \ 

^y!| * j- ■^»ai l ol :>-jil oli <L — •mm — «iJl iillaJl <J^ — jji! — >•" t4_ ! 1 — 


jiall aLa y J~5 I ■'_/>- J ‘Qljb oU*-y> oli iiUsi J5Lt (Tj^ c^J^' 

jj^vaJl dJllKj t *u J5w LfrU _^Jl J>-^ 

^ Inwall X* ^ « jj-^ £j^' t5® l$H i-S^' 

. j>% Jl ^ I— a jSl i*pij <JL* jj “j j^ 5 


YY 







^ outputs oU jx . il j inputs ^ 0 }\y bU dja_>o M _ Y 

Jl3 j (*}dJU 0 j! jl ^jJ cJOt— >•) j yA A — ^ iiliaJl 

. JL*Jl ^jJ.1 ^jJLp Ojl ydl Uu*> 

ye- A^Ul Ajjlj_i-i iiUaJl jl bjf- (jlillj ^^voUaJl y* ( J5’ ^ - Y" 

dr“ J l5j^' (Ji ls* dr 4 ^ c^l £/ dr 4 

Jliil ( _ 5 U ^-jU- dr 4 dOt>- dr 4 tp-UajiJl (*j 

. ~ oJi ^UJi! J5di ^ i-lJl jJiJl ^tj AiUaJl o 1* d)l bJ- 

ii\ 'ill 4 _>- j "all j»..,la'«ll OlSsJl 5 — sllaJl y> vU*!A_>-Ail ol—d j _ 1 
io^aJl.S^jjp heat energy ajjI j>~ SJIU ^ iSUai! 4Jl$Jl oNy>d1 

. |J^- bjji^o b j£j doUJl 0>15d)l 4iUaJl dr 4 JjO-ll O^jt-1 ‘j' ^TJ"^ 

: System boundaries ^L&UI *$**• 

^ (d^>i 01) Jb-O" fUaj dt J^ 1 US* i-i— L-'S/I 8^iai-l 01 

ijJb- J^b blilj 4 — SUaJl aS - j>-j t&_Jlj fUaJl d«i ^Li'j J^L-J &j>- 

^Usull d-obS’ Jaii i JA> ^ oL~*La!I a*U Ji« (.Aj’li |»UaJl 

^ ol ^OuJl dr* 1 *4^^ oljJyil jy^jhj dr 4 4 bA*j! di ^ (.yb^ 3 

. Sj^aJI o0b*-Jill d/* ^yb j Ajtc' Jadj^aJl 

1 , ^I^.rt'i ^>“ * J .«.|/8 Ajlp 1 -A.. — >~ ^dxlS” — Jl OiJ^ (Jd-8 

•> 

U^iLual |«i!i s^lLlj AaliaJl *& j>- Oi bS- _ JliU ~ 

water *Llt |t --S. g J ; ,k;3 s ^ jJl^ dr* 1 ^ down stream 

a A , * c ^ j £~ I (Js-b JlJIj jJl Jjo j i aJj Ift-b d sheds 

. (_£ Jl ^Uadl A < .*..« S ^Jl OJJL-it 

^ 1 lAXJjj « aij-b>- 0^ iv^ljjJl d— «v a jv i a ;, l l d/ 4 yf* ^jbs-L-Jl |»UaXJl bl 

I xi a ^UaJl ot)b-JL_4 ,_ybj t Adi^>tJ oLftUil j»-Xj t— <S y>- 01 <— ol>- 
aj ycJL ^yb') Oaj bwi Jj-^aixlL; Aaii>t8 JLSdilj jy^i 

. (aJls-UI 



■IkM 


: Equilibrium 

. Adoj ^UaJl 'jsj dijljj JaUJ iy>rj Ojl jxJL 

jjl jt- g . fl" ^ Lo^UoJfct oUjljXil oLt jj 

•r 

: Steady state equilibrium oj' ^ 

, £ i 1jS>u N <bl ^ L>-aNjI ^jXoJo Ck~^^ xJ > Ujl jXll l>i-A 

^ja ^S- dUi (J~lali «j]l £a ^UdJl ^Jdla 0>l5\Jl <L_sUaJl 0 jj —>* — 0 

. ol>- (salllj 5SUa]| jjpo) o^U-ail ol^llj iSUaJl 

t^ij& <J ji» L ^s- otlA— djll 4_Jl jfc (_5jJl j»Udll ^ j— g— all i j_ft> (jJaj 

. Ia jj>j ob-*}d5lj oljiaJlj jtJii jjia ob- jPti! l 3i_^ s 

: Dynamic equilibrium ( _ s $w>L>iJl _ Y 

(Jl SjLi^iU *L _o-53l j JaJl f-Ldp I ..JJ to- jlai! j*Ja — Jl jT~t 

. jj-o ^JauJl jS> SiUaJlj oilil JaLj 

JdJuj e^_£>sj! ^x-liu « iijX) l — a ldl.1 s-lll JLil ( jlp 

s il L«lx 0l~JU-*3l u _^a (J5d< laa-w l^sixi 

Jjoj j jtl # frill *Sj\—Zjy>~ {ja iAsU aJlsi-l oAa t ji _ilXA 

oil iij £ ak^ljj ^ fUa-l ^ Ojlj-Jlj ill — >• oU5Nl 

. ( _ 5 S^UjJJI Ojl jxlU J/i 1* • l$~i u-^ J-* 



UiUJI 

Lithosphere 




outlayer U-p-jUM aJL- J aJl ji <. a JU aII < L — & jV I aj j__sa2j 

p- jj-l i ^JL^Scjj l iL»— ,j» "/.V \ _p«-i cjUa-5»»i>lj oU» J 3 ^ '(jdlj 

. (oljUil ^la~j|) A*»uU £*Jsu*l JSUi J ^yUl 

L^jjUaJ £^*)Uj JlSUi! J «U>-jU-l o_ / 4iJi oiji JSCiJjj 

continental shields A_~UaJl a_jjL£JI Ji-* 'oljl— «Ji ^_k«> *l>— •< 

Ji» iJa~>d.l 1 _yaij>-'Vl f-li 'Ji* J\ toljX/»jLS3l i_iYSl oJxJil aJ^A-I J^^LJlj 
. (_$iL§Jl Ja~>*iL Jau*ji\ iJaXiia'^l AiU-l 

U sima L~Jl j sial JLJl l^JL.-; A^jli-I 5 _r^' l ^U-* ^Jri-3 

*Uj»«-vaJl A_wJjLs<adl IjJISLil Ols i-$SU — •» ^ L jr* ^ ‘ J YY 

.Juu U-i <_UUi US' UUMuJl cij^lall 

: ji»jSU ***£>24 

UjLvI jJl l*jj — yi>j jbU A*i>-luJl oU^Scdl Lxi -UfcX*J 

JJLsJ ^yll sesimic waves aJ1_))jJ! oU>- jil J l^t JiA-Jj « ^U” j-f ^ 
J^U- AjJab il j» {j* J&i U-J tilldSj I jy>w^ J^Ai- 

. vlcanic explosions UlS jJl ol jUilMl j lava eruptions aJ!>U! 

Aj j3ty? oU^SxJ LgjL&l ^4 Ajljjjj! ol>-^ll APj— ■< <— S^U > ”'y 

^y 1^-jiS liJLiS jLil Juii t A_jP jdl J lg^<aJL_vaj>- ^y SjjU— « iSf^ 

. (Y) JSbi U^jiaj ^yllj J 3 ^, oljjSUj ^yiSUas- 



Ja-jwAi 




■ ■■■■■■■■■■■I 
■■■■■■■■■■■«■ 
!■■■■■■■■■■■■■ 



*ul>-b Sly yo o ^ 

ojLw y> jjSojj tinner core 
iyidJl y 5 — sli — S" olij tilUU 0jlj_J-l 

i y o* «jLy us ■*>_> i j_« 

,jUaj t J5yJlj Ju_.aJ-l 

I jUa^-l nife UA.UI oLy& Uly>4 

ya5 Lap- <Jux_^iI Jij iyJbLJl 

ci^A— y^ oi-X— .ij , > 1, ,« l l ojLs— 0i\jb 

yJl iJljJjJl ol> jaJU 4-JUJl iPjJl 

oijj si i _lj 

y> Jit l_^ outer core 

(O^jaA ‘f V ' • ' Jl ' ' ' ' « l- tyW> 

^kturUljJt ;L_pyJl l^LiS 1 Jil Ufljt yj.j 

ill — a- (_5— * J^jJJ UjJ — a- y 0 (L) jSvXjj 

. (Jy Y , o • • ) t * * • dLw liquid ferro nickl ilsL- 

**-2 — Ja yp ojLp JtjU.1 — ) i_i ytJ 4 — P-jUl-l 5l y 51 ybu t?A5l jilaal lot 

, 4 aaj J.I 4*pyJl 4al£!x!l cu»b (^J^Y* * * • ) it J.I yo 

lx JaA y ( _y_>'blt 4_ y-jl — i-\ SjJL 2 ll Ij y> y .... " . “ ydl cj\S j-£-\ ot ^il jJl j 

aJLsoxAi <_£ jLSl j 4 , 5 . 5 a! I o J l^J <_£ ylx!l *J_A-I <UaI>-j obi Jayal yo JxJllI AiJs> i_jlCj 
(_) yStx 4— f~*j ,_y— ■ J <jj?va JM 5 j — di^aJl yp 

5 _ / JLii! 3 __~jJUj (Gardner, J. S, 1977, p 425) J >'%. -yi yJl 

b j£j U (jit jJLJ iJyay <.(J jf - 1 iila^a yo dio_Jl iilis^o ( _ y $i 

<JL — sL-l (jjalio yi L^Svo iby l*Jy tyaljl Ja_. y«il olU~»xil oU_*s 

. oljUil ^s- <L*Jt> J.I 


asasssisss::: 

■ ■■IWjHJiH ■■■■!■■■■ 







y >\ jjd j oljli yA y* Lc lidij t*ulliot j»Jju o jwlSl g da . m }—^i J 

y* ddi j*-* j ijL_>- j^oi j deep sea trenches dL*p hj-^. *VUd j 

. gda.Jl ^UaXjl |»JU- yiiUa-a 

AaJL ^ j_j»wsJ I (_£^X5»xilj t — S’jlil yA ij-yA l— 4 

J^Jls ciohJl l g .A. b i j LgjUjf5vo ^ Ij*^ lft!)daM < — id>tj d»->- tJJtxdl 

Jaj'JI <LdjUl cjbjj5odl d >- y L^Ij <.‘U^Jlj>- d^A ya lgadi*A i)j&j djUdl 
Jaju 0-ul5* dljj i 4da~>dl y^\y»~ i ^j\ jIaa — ft CaIjIaJI ^Jaud Ujj 

J^>- I gji ji y ^^dl A^ J .a« ll yi-J Ij-,<3,xJ| ( yA ‘LA—Jj CjU UaJu 

, Addadl 4 a>* ^ jJjdd jy/3UK Jl 

( j*Oj | u 4jjl 4» ya gw£L_j oJ^ jj^aj'SIl gdu*i ^daXil |»JaJ 4 — ~~dbj 

JLw>tj CJ~*i ji\ 4 «Ji jAj 4— aaA’j'SII Sj — dflJL ol J>*Jft l4_dp “CjI — cdl 

jbjJtLo ^Jild- ^J> v y~^ (_y'-‘^J (Loiii Y ^ , Y £ \ ) IjXa AA £ A gdu LNU^gJl 
jiaft t a .,/»*. i <Lijl SlLj (j»J ft T A • • • ) yj>cj j] lj_ x — a Y Y o Y *t Cy“^ roindinao 

JU> Jjjl — 4^1 j^ft • ) jt y —' * 'tVYA ^IaJ (j/’j'SM 

4jUJl! s^jjbx — « <ud Jdw (jJja YY , £) j-2a jlS Y • o i ° J*^ gda^ 

4_<^a I ^ l a . 1 1 4 n ,.,g>"j j s * ^ d A—dj J ^ A— L*k-«*a 

. j *^I 1 ^daLv^ t ^1-P* 4j^*avJ 1 O-* Ha L^d Lj 

: j4»j¥l iyjlkA j$ i, un 

hide Lgj la aft t o^aa—S” 4a-o»a1 ~)^ ^ 6^aa*aJ 4j^^C 11 d^-^d 

ijLlfl CjU-jJu ( Jp1a_Xj Igj jSd t Ia j jiaj J y>yl\ oLldj yylj-] ^ijldl yt> 

A«_>- jJ jij JA ^cA^/la (J5di ^9 1 jaa_5vaJjj) t 4 a!x>iJ.I 4jjA_dlj Ajjjxlll o! — d*p 

. 6^1 ol j ^Ul y0j^\ gr.la.id |«L>dl ^JSddl (_jlaau ol_ysll:>j 

udwNl oldl .Ho 4 a^>c: d.1 ^li-l IjJ — s oa ddjl — v^dl Aaj j 

JjA-d-lj 1 ^ ., g ,ih 4. , i> la W i a ^ ^ ft Jja ) i ^ I — d 1 ^ ~ - > t a! 1 a a 4 o 1 . a xd 1 

_)IaJIj Jj jXJJ IjJ uAa Lgj_jS” A-Jd>- t4jjlt»«di jjl d.1 yA 1 AIjaPj gjjJaijJ'S/lj 

U y0yi\ C^ >U cr^J daal y~~A Nj 1 ' ' 

, 4jlix>d.l jjaxA/aJl ya OAXAil 4jjaw> od jSd ( __ y A 


jx* j' organic materials A.y*«P >\ ^ L.| ,>jbU ii j£il it jit j 

. inorganic 

tl> ya illjSo A— jlys <Ua-Js j»lyl y£ ojL*p SiaLy jy>waJt— * U y*Pj 
j (J^j cSjjliXa y~y viUij y> jiSl ya Jljp-'Vt i_Jlpt ^yjj/Jp-lj 

■ y-Sy y.^*A *y-Sy 

C* Ajjj > *it j .y J itjlt ^5" ^y^i— Aj^a 1 a- ,*^Jt j .|^l)L*Jt ■ t * J 

Sy-ii OU j5va Ojj ya /.V 0 ya*Jl U - fr v a, »— i £a D j5lL~Jl j y*?- y^U 

U>>Lwa1 ^~aja ydtj 5j — *^ jiU Aij^llt <L***5^Jt j^>tydt oj^*jj VJ^ 1 
( * y-P* o jt • P Oyly^li , j — *.0 up ^a oU>cXa Cil^jLja ya C*J j\ — Jtj 0-*-jtyi*t 

* ^ jAaMM^itj l-tjlAjl^tj A**P l -* t-SvA 

cJ^>\j>“ ya Oj&j ijjbJl t A3jj *11 jjpwaJl <1 )j&jj 

(_5y_9 jl e j iiii.ll ^J>-li p\ j) *a <y iljll solidification ■ — J — ^ a j jl jyl—y 

A Va i *i t y 4jy»x^yJl djL*wd-t <».■ « »*ay dajU — >* yP ^xXo Aoy*a^ll jj>t*^Jlj t 

. .iJuM jl f-lll jl (‘•tygJl 


t _ s J^ (iJLsy- J-Ji yJ*) colloids olijjP ya lfoj>«_>- ^y cjLvJ- 1 QjtyJj 
Jta j t jyiwai! 4j jSla lithified y»«>cu' jl dJL-Us boulders x*%?j J-ajj yy* 
jl k»,^.St jl Axiyil o jlyl-l (J-*— A; *irfj*a j^tj JJ’* — s<a ^ Jj^ 0 

c j-sA>Ml yP l^MaSlya>- ^y u_ak>J < _ s xJl jy**-adl y° £tyl y^ 

. SJ y*cil jy>t*aJlj i_9j*J 


^ ^ t dia-y iiJaJl ^ I ijLaijJl lyMl ySl AjjUI jj^aJl 

A^yiwaJl it jit d)Jj ya '/.^O j>aJ LjiP ily>«dl j_f^a}\ £» Jii <JL~?- (Jy ' ' ) 
aJ y>*Xa jyw> ya Jy<i L-a £> Oj—jJl jj>wai' JiC lyo t S ^j5ll 
— i^Jj aJlS £A - i_jy jit jjiwiil il)i jUiX)Nl yaj <-Jai_* ‘/.o y>oj 
diijiaJU iJyJiiat yij^' y* j^' 0+' - cs>^' jj>^ v^ 1 ; 

Ajy»«_llt oUu-.fr CjUaj>cil il)U-i y A_*ualj ol>La 

pjj JhJI JjJJrt yyj cy-yyJlj o>Jl oLUp J Ujjij AiiSaii iiydlj 

. oljldlt «ia»a ya AAlxixll jy»waJl aJx*j La A^-~j (\) 



CjIjUJI ^<Ja..w J-0 AiJuiril -ukiS La 0 ) 


v5^1 

CJjL 

>H- 

wujl^ 

J** 

ClJoJ! 

JLoJLdJI) 

jS*+aJi 

/A 

/ f 

/ V 

/ u 

/ u 

A at 

OljLaJI gJa,.m j-o 


. *n ^ . UVV yjjU- : 

«>^- l — j jvJip'i/i 4j— ; A- 1 ( _ 5 iaju ^ jy ** — s,a -^ 

a .■■.•■ . L> ^J| 1 (j.lj aJL/i 1^2 — lij 4 .I.I 3 JI jy >*^ aJl 4 — CjI jlaJl 

il)l JL—^- 5j_)LxJl jjp^a sU 4^ — wjJUj t 7.V 4 _ J la-*J L»^u 

. JLtfiS '/.V cJjUl j '/. ^ 0 • ^Jaju 

4^w_J jj>wail; Akj ^ll > JJ jUrji <LJkJl aLIaJI ol—>t, Av3.il ^ j 

. 4jaJlX»til L^p| L^J _j5o 4 vL5j j5^AJ| AAjIvj 

„ , » 
Igneous Rocks : 4 -»jLLH ¥$l 

nmgirici ^jUl ^ -.-■ ^ ■> /? )' t. . ■ (4 jjL*JI (^o^Svj 

J^bLa tj'iip" l j4> ^JsuJl j~(}-sa 5I j>- ^ gi > <Ja«<i Jj» jl ‘^v’j'^l Sj^iuJl 

il 2 ^ »jLp — UtAJl j\ lap-lib L> jl - I iojAaII i_a*^<aJl 

. <L*3j''SII S jJLaJl als^U jJjXjUi AaJs 2y 4-0^* e __ r gv®)-« <LiJjta 

oJU jJ O^J — *AJ j—^vflJl IAa oil J$L-a (_yi-£ AjjL-il J^> « ‘4 3 i l '~-* >S yiJ 

^JkJL J Ia_j_^JLj JJl* « yj-t “^y^i <Jj*»J c 4 J i^—s-Lval! oljliJl £jj ^^ipj 

4JP ^iavJl ^S- Jjj*x)! (1)1 (ills 4 oljjiJl 

j__^iai! Jb-tj i^.< oljjAJl 2/° 4_Jl>- (1) ^5o J — S j! ol jjJlJI 4 — a . 83 — > 4 ? 

OjSv 4jli (oL- yJ-l Cx~ sim ') v — d)j£o <5^ jz ‘glassy 

^lp 6 <^JLa1 I OiX^j (^IaPI JJP C5^ O' 4 *a5 

oljUil JJ5 2r^ *j l 5^' I j jJl jJl £* JU-I 

. £ v, L .AI ^ 4P 

l* j jl a_Jl l^LJlwwJl oL-«i3 l* — J i! (— aix>Tjj 

2 yi J l^J <U _^il jil—xll ^1 jj\ 2y '-jilliiJ viil (. l^J ^ — JioJl 4>- jjJ 

. ^>x-s4iJl L^X4 d)_^^*4 l)*^^1Lj Lc^Lv*»! (j£*xll 









■ Iaj 4jjU! |^m4aJ 

- 0 b> 0 wU.w i^ 1 4 i ^-^j ! j ! 4^.i^a,ft,>- 4 jjIJ j j>t*4 _ I 

.'/.VO 

. "/.*V ’ - 0 3 JL~Jii <Uwj £-jl j£j I 4,la..«ij jj>w> - i— 1 

. /.no _£ o U 0 jSLUl Ju~»5t 4^v«J ^-jl j£ij ; 4 jj(J j_pw> — J r 
Jil Lgj il) ^xJlwJl J j**5t <L~»j ■ *U_ji — ^Jl ii J* 4Pj — - o 

■‘/•*° <y 

IAjT idJUS ^ — g-vi*J <jP <bjbJ! *— ilx?rjj 

l^jUI i j> Lo li^i texture ^ j^waJl <— — a-j tLaj^L; ^5 j» t-—>- 

^>wa5 coarse granite oJl ^ idlli jp £~v» js-j^ J*-' 1 

j\ ^JjL^Jl * ji U 1i| iJU- Jji lol t4_JL>e^i <3^“^ bj£b t^J^J^ 1 . 

fine grained oLJ-l _>y^» -up ^jj i qJ\ ij-u ^ o 


jj jl yS olj^L <y> il) J&> l^>- OjiH _/*■— ^ y>J 

jyr^a}\ pumice uilisM J^> -X*jj l cJjUI jJ**s> J i*j <jrr W-J _> W- 9 -? 
l^__s^Ua>- cUj_-m-x?I J_a j ^JrJl j^Ip ojjj jt porous v^>' 

. <j» « 'Jt£ >-Xj|jUil syrj V^2~J' 

^ ^ OjSeu J gabbro *j ^bLl ^LUI ^ jLl! jy^oil ,yj 

C-iLul^Jl oJbJui 4jL_Sj ol^jJb jS jAj 4^0 £* O^. 

y« J_S\ 4 _^ 5 j Jjjl ^3! ^ JJ-S <> cii^i c5^' andesite **^^\j 
oJjUl {j* UjJ £~j>\ bte b\j 3jiJl 

, (3 ^5C1-JL> 


JS V «kJ! oyrjj ^ C 1 ^ «> ^ ii ^ Uil ^ ■*“• (#) 

' ^ . yii-i jIjojI J^l» Jlp gt* 11 WJ c? J 

If s aj j~_- J Uj t j>Jrl Vdl J c ^-& <M) 

iSkx» ^ j U.I ^ f 1 ^ 1 VJ J 1 * u-**i J J J&U '0 s 1 *- 


prophyry — a^/l aJx^jJI j j — > waJ l ^y>j 

{j* t UjSL J i_ij ( ^p v_3j Jb OjScjj 

• \j _y qa aJ a** 

Sedimentary Rocks <L^*ujJI jq.>. *aJ1 : Luti 


a — iixixll l^l — wiL a^jj^jJI j sediments J>\ ^^Jaiu 

L ^ I j g«— S ' Ubb-I lAj^ jNl tj —J j jd l ; 

• ^ijLJl LjJUiJ 


Ajj^xllj ajj>»__xJ| oU1^*J j\^\ gj-hJl q&\ jj| Jjlc a_ *j jil j 

JUI Jj-^l J ' redeposition ^xil oIpI jl*j Aii^d.1 

f L^Xa o^Sej Axls^Jil caLj-J-I ^L>*>-l (Y) j*jj 

A--^x]U — L* ^ • • ^y> j$\ ^1 a 3.., 5— rJ 1 (JL^oJUaSI ol..,. , • Y ^a jjil la 

.boulders Xa^I jUaiM 


•j jJt <_$» ^Lj-J-I 


f* S' -Y 

fUoa» 

f- V*- V 


f- 4 ^ * * l>° ji^l 


r ‘, fl -Y 


f- * J ' - *A d 

JbaaijjU J4j 


(«*L J4j 

r SY^JSl 



JUUtf 


JaJ jj strata oULla t jSwi ^ 5 ® Lajj— i >*_> “Ljj^a _pl j_^_>tvaJ! j_ L> a1_j 
( 3^ ^Slaa t Vi n ■■■• . » a^Jl ojL— dap a^— . ■ stratum AAjJa 

AxJaJl Jw9 — AJ La SilpJ ‘LjJ_*il 1 JjL ^ jSlaj Lg^S y A_»aljJ I <_£ j-S-'Vl ^jP ijL-b 

Laj^pj t bedding plane cJLpujNI £*Ja-a jt a^aJuJI o^aj la ^jt- 





*iJ c3j* 0 UJ 9 J&i A_-uj*a J\ Jj^ail tww*- ^ 

,ji!j£)l ^.Jp lal tAiilji* oliis l$jl X~&- L^Jp Jjik; IfsAsu ^a 

J-^aju t-wwijdl a_1aP ^ LpUaJU jl <UjJS Ajyu £cka« 

• ( Y TV 1 1 ^ ^ • 1 la . /a a wLk>-\) v.ijiA^*-! _^>"lj AajJUS 

L>ll^ fossils oL j a > ■ ,_ylp X>-L tiAJjS' <loj >a ^Jl jj>m/a\\ ^_<Cj 

( j^\j j-1 C->ljl_4 (JtA^“ C-olS^ ^Jl A*il jl A-jl «Jl plp-bU “UlSvJk 

• ^J0 j**^! ^Ja** Jjkij 'UoAill <UA*JaJl A!UJl ij j Ji> ^^Ip Jju LftjjJb 

ol — l*Jt) C*-PjXJ La lil \jjPr^a A^^jjll t_*— «aij J\ ^w3j la oil C-j 

*LLl £* Jplidl j t»_~al j^il j*Jio Hilpl jl ^LaJuNl ( _ 5 1 p ^1 lithification 

.<««wiljjJl Lga ji {^ll Ajli^fl jl 

-I jjJl ^-li«— a ^ jaxJi- compactness dJLaU_xll J ^laJJ^I aJu_^*j 


£* <U/L$\Jl *JL$j <1)^$1> tJl—P- l— « -l a . * . *? jl ^j-aa Jj&l ,_rP j*£ LaU^P 

^Js> HjJUijl l gj (j»Ja • , • 0 • _ • , 1 Y O) ii—Jj oL-jj-p- jja 

, p-1 ■ . 1 i ^1 <JLa ^a jS l .La a j^ a jU 

Aaabl* <LxJb olaJa.1 iw~*a y (ja l* !■*■"' JakyaJl ^Ijj 

aJi*-*J Aj j~«*& iSj^ lUi ^jP 4 jl_>*Jl 1)1*-*$ l — J *\ — >tj La-La 

^yai-J jjj tjz}-j ^1! I j squizing _ 7 S a_*J t ^p «Lll jTJj-^ ^ 

. /. £ * *u*Jj 

i“......l l<'l Jia ioP-M 6iti i J>L>- jja j*JU4 Ak*aljj Oj&l L*t 

v_~»al J ^!L Hi J>- jil ol—ll ^a (Jplili ‘Aj'A-J-l JjJ_J-I oUjJjS^J Jjj!j5v!|j 

h j conglomerates viUlajJl j\ ^ J\ j>J - 1 aJU- ^ Ha 

A^iaj ^j>«_xL L5 va>- jja OjScS jl oUa>J.I L-^Ip 

(ji J Aj^JI Aj^>jVI ^jl>«a Xp jl ^jlp Hil-P 


v±UL_*aJl ,jp j breccia U-Jb^Ji oL-j>& iJSiUS'j t U~U u .-ill £jl ^11 

^ l^JbU^- cJUjI ,_/!! UiUl j^lJ ^1 j SaU-l 

l a jmS-j l 4.2.1a.*.,.o j (^tii-JU j—^-\ 4>- jUall 

4Lj ^S- L~.U.t JLod*j j->a * ail (w^S’jXJlj J> e_>dj! oLUpJ J_pwail 

J^^vajl ^Ucaj t4jjU 2_~oj <tJl2l»l <C-oj ZjjpxJ il— o 

(_S I j>d - 1 j_pw*3i o-i* t 4 £jJ! ^ 

^ jjSoj UUl c~ HS3l (j- 4 j jSoj organic limstone 

. I* j*P j obj- jllj 4jj>cJl pU-VI t _j^bA bU 

y»j Tufa li^kJl jl ^jU-SUl ^ iSj>-^ ^djrV' jy*^\ a 4 -? 

i_j ^g53l £^U-Jl oto <Jj— s- ‘•Jjlll C?^~ * 

aij caIjU jl stalagmites aJjU j\ stalactites tap Us 2 -UpI JSbi ^ 

. travertine ^ j \ _yJl ^b L*> Uyuj UUjtj <-U'j=r j^- 

’. <Lj j } I j^piu^aJI Jbwl 

•SJoLaJs j—>~j U p— *>i ■ (^Ula^Jl ( t ) 

SJU- ^ c*_ol53l ^JjUallb U Ua^I *^TJdJ ‘ ^ 4-5bcU 

o jS ^ jaX-^ jJd V-^ ‘ *0^' 

. ^5\J 03j j oljUxJl 

ojipj ^b^ji *a^j**^ oUbUii 

. pIIIj #U^i ‘SPj-*- 41 b j bo 

^ jlkoMl i»j-A~o ^ : ^ 

. cJ jjy L^SUilc 

C 1 o . 0 -a -jl ^ciiLuil jjiU^— jI ! jjJaJl oU-A**J ( ► ) 

^1^.1 yii ^ylp ^Ja3 Uo I jjiS’j L^Jl^Wj L^J^p iUb>Jj 

i 1i j * i . i i ^S bJb AA» ^yll 5 ^ ^ jJ5 ) d^Uf) dJ^— ^isl taXAd C d->l>o-w*il 

Ji\£j iiJL— Jt |Jla c-a]u>o . jUxia^ aJ jJl Loul>*> lf^w» . ^Jju (^) 

. 4 ^ j j jt ‘-^r*" dr* (Jl 


ro 


I* Ijjfcj c i-il O jJL>* Ji 4 jJ ajl I^ LaL SJ o\ 

„ <.,**,. » .JlJp“ I ^jlyjLajl Cw»4y^^wll <■!■> l>^*.svj 1 *— 1, kX>0 

Metamorphic 4 Jq >. 7j) :LUL> 

_^ib o ^ Jj jUl jt 4*J j-'* ^_— i I ^ «/3 1 1 ^ 

,>* v-aISJ l-jj^a JJS ,Jl If. ^1 SjLJ-l Jj!j~JIj ]ak^ai\j Sjl^A-l 

<j 

JiLjJl ^ ^ jJb- itl — ^ metamorphism 

t_S jx_s£ Jj "U-jS - jjj objj£i ^jip Ojil i_AjLJ! J^lj_*Ll 

. SJu<9^l jj>**a}\ ,J> J^rjj ^ ^L*- 4 ,_J^ jy^ai\ 

: ii jl» 51“>bj jvjj 

AXjt* (JLjM ^ SJjJJLH 0 ijl ji-l 1 

LajjJlJ SilpJ jy^ai I J y£ ajb- d^j*" <>* ^ £* 

thermal ^jl J J ' j-* '-*y u .j ‘ jt bjV 

. metamorphism 


jijus; Uxp dJJi :contact.m. - v 

SiUJ i, 4 . ; ' j tlfc aIwJlI 5 j-^' (>* La ^ 111 

5JL>Jl aJLfc cJ_^ jJl j>— ‘ V-^' Si W C* UjJ ^" 
J^_U Jit jl JUol^ ^ SjL-P homfels 


aJ ^J b Jox~ ^ £ ^jT ->' ^ 

^ dUHj t jjt-T ^ ^ 

. 3jU Jl jy^ai\ 


JJ ^ai\ J o* gkJ ‘ “ -*■ 

oJ^ cJj-J- J\ JJ r—*h cyj ‘ W* 1 e'-^’ i ^' SwU ^ ^ 
LJUa 3L* ji J^' ^ & er^ slate Jij5 ^' 

^,Ui &\aj AJ^Jj -ep jy ^ 



A ^ ^ 6 1 ^)' Xa>X— V-^J J&A— a^U aX^-aaiIj) A jX *—. ~0 I-QaXaPJ 

^^JiNIl J yt_dl ijU-l oi-ft y 4 aL»_*J| oUA (jliiJ i U— >-Ul £yy-j ijl 

. regional metamorphism 

dy"=— *ll j>* */dl iuX>u XaIv 5 ^! jj— A i^aU yO — d .1 xh 

ijUJliSj jil y*d-l jj -a L^aiL^I J j£- oJ j t Lp L ft^>Sl ct*j^jjljSv]| l\*j (_£lU|j 
y> jN ye-JXo l__o-Aj C--A*jdlj t J-Syj~\ y dj— ^ cid-il ^L>-jJl 

ft j - - <Q 4 l^d-w OJ jLs — ^d-5 ^0 Oj^Zj (uIaaaa— aaJ|) L— ^awO j — aP" ^/ ! J C 1— aAa)I j — sM 

^1 jJl iSLa j schistosity iy-lll yjl xy U-l «Ia y^j ijj^> y j 

jjss j CaaaJ. isai ^jLivis y* l .aiLaaiI i«_aS'jXjj c 1 a-waap 15 vJ,I CaaaaXxU 

cUavaXJI y Ly jJ5l yi yL: Jl U iy£b aUjIj y «jLy 

ja j migmatite CaJU^t—^ <Up <jlkj jywdl y -ti*^ iaJ_j>- y 5 jLp yj 
. 4 XSljJl ojUII aXs-I jl ISdil (jh 5, OIaaaaaaJI y jLwALaJl ,y y-p| oilp 

<jaaaxJIj c t yAi^jSwil yxJl (Ja^ y-Jl y ^lyl dlxAj 

y t \ ^ • c yliLvSw JL_oJ*-l) <waSUA^a>- LfX> £y JSdj <■ (^aL-xLjjj^II 


yyx toj-Aj jjicAi> Jj — £ y cyxj yJl jywaJl y OjjjjIjSdl Jjuj 
La j jIaj 3 >-j^ y 1 d>„ pxj' yJl olj — vaJlj ybj — !l jy* — (J * — ° 

CjIaI^P l^aaaaa) j yr.A/aJl oJa 0-it*- 0 _)J-Lj <oLpN c '->«y C 

yi CXj^jjI _ j5vll j>» a^j O j-1 1 — ilx>oj t (yUill) ^ISe^-Vl Jydl 

O^Soj tuAj4-L»^i — 5*1 { ^ 13 1 t^»^o uiiJij j— 1 c 

<UjULj j „JL j*Cij C->Uj^a ^ya /AA y>*-) fj\j£S\ 

«L^ddJl y ^il I ^iA>tdw— k-vj \*<>S c 1 cij L*- v-*i« I y* u«-LltaXJ c 

.(^\ * ^j£> L \^ S \A t J J ^5^ ^ 


t 

(1$1p a4U! Cj! jAliaJl _ - IfUtJsO 

■il.S_^J ojl ji~\ 5 >-j^ b\ L^~b SJ -ju ACUJ ol J_ X3 jl4 <iij^*il (Jjl aA~\ ^ 

0 9 SibjJlj (_£jlj>- ^-jUj dSL-ft O^" lilj Sj^L_aJ| ^yj (_j>wcJb 

i i _^- a 'T ' jJS" SUa-lj Ajj-Jta Aa-j.9 J AjL^>__*J| j^js-ldb C1 h-C ^jXil CjLwuUaJI 

L-sLisXS"! a^sL>-j (_g j>-\ 4 — ftiaXo i iboxj ^ilj]l ^ 1.1a jli 

S_)l _jsU aj y ^ radioactive substances a*^1I aJJl* 1I ^Ud^l JsLiJl 

jil Id-A A^Js ^ P y_dJi*5\lJ A«lJiXv»il oLdjdJl fU L>-j_JjLa i_jbJl ^ 

J A—Cibb oLJU P jj-« 1 — £j JaJjj b>j l jJ>j')l\ t j_bb 5 jIj>sj ( _p£>Lib| j 

. AvvSj'j/l OjJlaJl 

^»r.. ia «.* J^Sbxo ^yj La jjlj aj^xScJI ol^ jjp a*^I _ p aJIxSI obt A. a' 


lS*-> 




S\ 


2 luU£j+J 1 JLSLu*V )9 lUfj-jJI : tf$f 

:Volcanism and Volcanic forms 


i " -i t^jl » " _J o j g ya'A l j jit-yaJl l— ^iS" ^a-vaX) oUP U>-Ij 

lila-adtl oi—^j oIjUJLj <uis«iJl aljllj 

^ £j\j-£ JlSLit Js 'j-Xj volcanic ash ab>j ^ tL^-jli-l pljil 

U*> j>L*jL volcanic cones S-* — JlS - ^ j a— lavasheets •u-j'il cuL^ji 

, AjjlxiiJ.1 LgJISbilj 

a ^ JjL/SM tilkJl ^ Jb<CL_; o J^valll ilj— o-U (jr^j— ^ 

Aj^j a aJL>- (_£$ jj—S^sAlJl ll) j£b dU-_ »• (Jxjd .1 A_JLb ^ U_i-I jl A* — s 0 j'$\ 

U j-jSi lj->- u^ai ^b*a aJL^>- ^J\ J j>ca Uxpj 

U> li^9 c. l*bbpt ^Jij £jJ^a>j oLai-Jid ,y> cjiJwaJl £*fi\ y> j (_jbpl 

...' I aJLs^J CaIjLp l^_J>-Ls^J b>J (Ua-U.1) a__^AsJ.I ^Ijil <— J-s^j 

AU' l j\ t yLS’^ r _Jl ^UJuVI iljJ__>aj L_j>Ja^Jl ji lib^l Jbb>- 


JLp ^ikJl j\ I Jucljuj 4 lava erruption ^jUl 

^ aA ll ^ l — *— j ^ c aJl^aJI il ^ll^ *A>l^)l— *Jl A_— a— $3 (» ^ . A . l l tAiLi^y^a_j a ^l^jL-l 

4 >~jj^ A>-j,i ZULUS’ j (.a il _}ll eJA L$JjL>- ii ,_yJl ol>CjJl J 

A— «jJb 4 jlpj jJjL^ij '—Ju^ ^j-** La ^Ijil l j»^jUa>' jjP Lai 4 aJ ^w*>-L aI ' JajwaJlj 
ejL^P ^y9 - 9 A^jlS'^Jl j j^> r *, <3 . 1 1 LgAa ^yJl A^LaJI *LjI— 5*^)1 •J^a-U 

LaJJLP-J 1 ^c i a ....« J l (_yLp jl <jlS^_ Jl Jp>P ( 3 ® jaAaii -iAj L— aJjLx/ il^a 

4^1} ji ■L’LU AjjJl>- aJU- ^yj <JiJS Jju giXj Ji>Jl ^yi -Ua*£ 
^yll ols jjull jt ^J^Jl “-j 1 -* 1 (J^> >4» j»->t>- (J-vAJ -J*j 4 oL jjjia ( j£»i ^ 

4 AjI jlp IflU. — 1> aAnJL— i a jl ^ i .y9 ^-a a ^Pj 0j£*> 4 t— ila|^_>-^l£^It OjI 


>_ 9 jJU 


~i ^y 9 ^1 — LL ^yiP 


•^-*^0 laX^J 

.pumice (jU-U 


^yip I >LwJjj (jl ? jJl AA jS {jA (LijUl jl UjUl) ibl — — Jl il^ll La| 

a ^ j I^Xr*J^ l^aAl . Jal^P a^XP ^yJ| L^jL— —« al £-sAia**J 4 1—— J dJ l3 l— L ^ r ., h . -., 1 1 

La a j^iL a t_£>-j J>~ JiJ 'S' Lgjjl J>- A>-ji £-jIjXjj) C ( _^ :5 — > *-^ 1 jl“^— >«jl_J (jlS^Jl ^li^Ajl 

A>-ji ,>l.ljj L. a. 1 ? AA jiJl ^jS- O^J>— 111 LaJiT l^Jjlj — >~ l ^OJU*c^j l Y • • J A • • 

J j>~ l jJi*j <3j® L^arj j^SI j£ <LoLS’ji ^yjl J j>^>j >— XaXi ijl L^Xs^-jjJ 

.(r pij J5Li) o!5 jJl 

La jt-S'l ejjl>icll (3 ( j^i j Sa aJI *-^~> oljlp oiS"j— Jl lAwsj j 

^yiL?j_Jl jL»iL4jVl — £> IjUaal J OJL^JJ -1 ^j—9 IwAjISCj (_$JJl alii jl>aj Ip J — ...a 

J^l ^JJ a y>Ju> O j5o AjJa olaiJlj 4_— — J3 (_yil^ _^Jl ^La ^jLi LU>-I aLil bJa Johaxj 
AbAa i — i ji (jl ? jJl jI>«a!I \ Lull ^yS kijJL>- LaJ? A^jJaII A_-j|ja-*Jl 

J- *~S\ (_yiljj >• J jJj )! I J OjJjSvJl -L ^5l (_5 _j—>~y\ oljlxll 4 jl— Jla 

• Cnr’TJ^J jj-LSJ'j C-j^iJl 


: fj. 

«U isS* ^> k i J— 

SjJJLSI L^Jbt^j Lr iJ U*)Ul cuJlS* LS3 ^J| o^la^-cjI UJiSo 
*L-»- » Ljj ^U/3J^J i.—^JiArfVp' 4 &hL«JU V— Li Lvwi ^jin j i laoj l 1 «‘ J ^ 1 


JbJL f£\jSj y> L^_x>-jj3j <-4*> lj*>Ul ^Ljvajj 

■ ‘^ = Tj > * (jr^t «1)VS" jJl AAji py> <L)lSv« i — i ji I SJlo^JiX 4 

■ (O U5 ( j j 5'IjJ| £j jjl j»-*lj 

• cS'jL* £y - 1 

j j ,..gij j^-aIU 1$~j_ i L5 i '- A J A J 

^ji ^ 5“-*N 6 J-*J b Si^Pj c4_;X)jlJ! ^ x ? J 

$ O 4Aydj1 ^jA /y.4 — S1^*J \ ^jA p \ I.J.A |C 3 j>tjj C A^-svtX^ 

. (T t _yl-P' j^Jaj [3 y&*ij CjL>«U 

^j--- 4-LwJ^a* ^jA \f‘^>~ ^JiLC v._ ■';■■■>• 1 oJL_$J 

cJtAs>“ ^-o CU.>- J^~ ^ ;*1 jt> ijlSy J — iL> ^jA Ifra -la *.* (JjL^Jt Jau>J.i Sa^Mj 

• Jxl>cX1 ^A3 ^1p 

<3y ' _r* i ^A ^Ujjb dlS 1 j> t5ljU ^ jjj ji^h 

t yu £ ~l * * — ,Ja_p ^j*>- isu>J.I £-15 ^ y*Jl iSj-z**** 

uiUS L«j> ^1 jU jj>*j *L~*j5 ^ Ck~~ tif* , a*j iS^\ dlS"jj i Al5 jS”j 

•0“)j£d ,y 

^jA3 LA__><jI liilij oubJ-iJl -j (_£ljL* i^S j> ^ li^Ul jU^j 

o->l jl_iJl s ji j aj jJl* l^>- ji \ X • • Jl l-flj' j>- *-=rjz ^ILJjlj t Lf* ISCL--J1 

^y> Li'AJl gj sail oljU*— . 4)N I ( y-~o I j-ZS> JIai If i_j>-l— vail 

£-j\ :j£ cjIsLJ. l_JI j_J^I ^yip U^Ul ujLij 6lS' J Jl AAji ^ a - J 

\“ • j Y • ^ Lo ^-jl j-Sj (_^L-ul AP jp—A jbS A • j t U 

. 4pL*^Ji 

: £f - * 

ja ^yS\ Ua jj—^t j lUUuk jj^- ij '*4i Ji v- 
SJiSljJl L^bp>y*>- diJij t-daLiJ f-Ldl <y>y d'iUl ,j^'^ 




(r),JbJ*£ 


cLUS jij oljlp l^j La i_uL>“ Lfj LSJLJl ^LiJjl aJUI 

La i^Uj tSJSljJl L^£>-jjJ i_^~o L^jI Aj jlS" ^Jl i_J ji UtAJl ,►51 Jj 

J^JLj ijl — S' jJ olijjia £-j j—>-J AnJaila oljl >mtil £y> ^ylSj—Jl JpUJIj Ja.jjj 

. (Jlii-I jiwaJ Sj ^i£il UjLJl (_£_jlpj j j5\j ^a ^aJu j i— ,a...'..P 

i jjLSJ ji — —>~ 

^ja j y. i S ^ ,_JjI — Jl Ja^Jl a — .JL; <cJUajVl t^jLv; ! jj> • ^ JJji_S’ .Lpjj 

^Lnuu'yi Ijjfc £i£j 4 1 AAA Al*a ^A aJ jL>*jJjI ^>-1 .JA^ t ^aljLsiJ-! 
^a^Lil caa _ y»Jl «—< ji Lwj^—i a_>-jJ i^L> JIj jl 5 jJl aa ji aJIjJ 

_>* {J~r* J- 4 A_ J jt-*A cJi aJL £ jt JL_>- ^Jl^ ^Jl JblJI IJa ^ i^ldl 
j j^-p*ujj\ aj ^ j ^a Hood c LJ U a J ^a c jUL-Jlj Sj — Jl LaL) 

, Aj£***^l5 AjlS^jj ^j-SLC JkJaJI ^ jjjla J A*£jjaNl 






: Pelean Type iai - a 

Ojljlpj ^>\S AJail>«>* liN 41* £J*A1 j 

ai j «. ik- Jki ^ JA Jb ^ 

j>cjjjl (_jJijl j j_?%JIj viLJ jlil jj>>j Pelee ,j-j> j*— 14 a 4»-i 

a a ...*> f • ^jA p\ b*®J CUjL— Aj*Xa \^ ' Y ^1p 

. (Gardner, J, 1977, p 439) iUi 

: LalS+Jt jLi-^Vl _ f 


O-^- viiij j t <L_ i > »l a... l l 4_Jt£ jJl JLki'll! ^ ijji i3Ua 

^.^aXi U5 3jj>»kl oUkl J-j k>-lil J>-Ijj ^P IajjJj C~>*X) ^xltj i->Ja~Jl 
£_« 0^ l$x« j i«A«kJl S-JlS' ^31 ol j>Uall l j~j (^iJl (0 (*-ij JkiJl dr* ki 
JU j . j> j>-j £* caldera I^joJIS 1 <iUi_5 a p*ij a-JI j>- p- l»kl v’W~4 
JU j J5bi tf- IjjjJlSCJl oil! Ji j i a_I>-N ik j* p opi aUMj 
(_gj! u_ixp JSwj UbUl gjpj V^” j4l oljL-^^l £jk' >rri pkkJ u^P 

^jA jl5 ..L ,t..‘> dX;3“ (JklwUl ]e>Jj>ti\ 0j£j |*J Afli Pip (_sH 

. s Jkj*» i jijsr JUJi lj » J^i b*^^' kj kk 


l^.Uv; ^1 ijJLya)\ J^dl j meses okil jk~ 4Ui£ JkiJl ja j+k-u 

. ~_*Jijl Aji~~* jPj 1*^' 

L*x. i jiLjJi v 15 V' J^4^' <p*—i (0 Uj^a ^Jl ol^lkll dr*J 
JsfcUS JSLi J j ci vi~>- UiMl aj-A-k 4U35 ^ipj sills cy'UJl 
yr\p\j oULkl ^ UJ bedding-plane Ukll ^k- p>-^*b ^ 

aii ,u;i ^ d y kes 

^ A j ^ oli-JaJl ^k- kla>liX-A AjUl j^^k' J>-'4^ L-a-UP jfkj (') 
laccolith k /kl ^ oLxl^ JSkl ^ 1^,1 inclined Jk jt ^b 

— U U ckkkl oi aJBj a -c^ ^ u -^ ( * ) c^ lJl 

, iAk-ll AjyC^\ oUkp 


^Jif U UL_i- U^ai 


^ ;jL_a JUpS/l p j i f uJl i UL ^' * 

. ^J | p ,yw» ^ Jtj-’Vl vJil ^ Ojfe y-r 







0 ) 5 jjj; <u^| 4j jix — ^s]\ y>~\ ji-l i jJ3j*j ijl J > jiL 

— yy^^Jl jj — <uy*x!l J^l _y-£' aJIjJ, £tk~Ji ^Lc- 
4Xojli«j azi*^ — sa 3LUS v3j3>ejj <LsLs— yjl ridge c3 j & 

0 j-Xj 4ju*^j> Jj>t, s«3 ya 3j3~dl 0 *L& 3 jSCj L-aXkP ljL>4 y 5\Jj t ij y«xJl oLl-ojd 

v_ 2 j ^*ll iwaJl y.ia,U J^jj) C 4_I>w3 Q'U33 ,...>ow° J-SvJUj l^Iij *i’ A^-Jl ya 

<=-y3 I >o j£ yS-Jj gyylj ^ Devil's Tower ^J-io ^-~*>3 

. Jjyd! oLU axils' ai 3J j5"il yo 

^ ^Lp- ytzZ »1j ^ jl ^y (_5jbJl Jj~|JxJI 31 jS'jdlj y *\>" j 

£ AjjUl (JLi-l i Jly>- l5^" j~~$^ ^ yS^ij yy — *" oLuJaJl 

^uS'j'ill sJL_d3 i»_3ly>- ^ylp I j—^S yJsuj c J . /al l yialXs jl “Los^vall (jj — iLxJl 

j y^ r^/3 i ll iijlaiLi yilx 3 jJ oti OjSk) L< oxIpj ?-Ly»i Ojj^y <e^Xj y«JU 

. Jsl^- yJl ^»ai^/l 

lava- 4_ s“>Ut ajL/jj^L i_j j *j Lo 4_JlS" ^Jl 4_xJjlJl g~ j — iUJl ylii^ y> j 

£ jg .,^'Al SJlSj Jl oLySoiJ ^li_xll ysJxJl y» a — iL/jj'ill oj-» ^x3j platforms 

t Swy'ill £ yLijJl y« S _^iS’ <jls>la> y ^?y yJl oJjwUJl (j ji3 Jl J33>- yo 3-lSJ j 

dJL<^— ^ Jwvaj ^.-vafrll JS3lJl ^1 3 y£> 3> ._> j_il y^Ul t_w> J\ jJ—^j 

aXjJuj l_j y yS'jJl L3 a y dilij t^_Xo Y • • • y» jiSl ^1 U^Ul i_jUAa 




i^j »JUncdl ob'il jJl dLi*»j L-w» j}j£ ,yj 

( i yj»- <L— s Aft y« JjiaU* ^y j- ** bj— T* **- fl . /a i jja l^Lwo 

. iuyl! I > jp y A^siSlA yj {Jl>jS\ 

yij* J ji> ^^Ipj J-_p j Jjt Aik> y J-^XA y iwX) jUl ^-jiJaJ! ylaJj 
y «L_;jyll f-\j->%^ai\j f- ^ -A y yy'Vl ,_J_l>Uii yi*J y j eylbaJl 

,^j5C!l c-aLM a.<, sits y 4jy«Jl oW jJl i yxa^A 

I g"i y£- J *J A*0 t>- jS <C. *Jkl 4*x)jbJl 9-J — flllJJ cl)T jS^jJU jjA>-J 

y j- "« * ii«>- l4jyi_Jl ivsl>-j Ajylll oL-Up aSo*m\jj b$ii>J L_$l>oj 

yj I j^la y J-Jl t 5 ilj aj j-3 ctUi y bJli«j (,5 -pIj^JI j^pwaJl 

. o jJbjJlj JsbyJlj (JjjS/l (3-^^ A,. .ya. ft ya 1 g * v la *^ ,y '—Taj 

: Eartgquakes JjVjJI LuG 


j yjJl Jj*aj ^xJ L y>j'J\ syJiJ ajjSj 5xpL« cjIjIjxaI ( jp ojiy • i^y 1 

y b^jilva-A y isUaJt oi-ft £J «-£_Joj t jy^ait y i-slkU £yJl 

y ttjJLxj yij-T* _}!_£*' JT b)U Tolp (.oUUiMl Aii£ y focus Ifijjj 

■ ajLxpl Aj J* C-olS” b^-a yj'i/l ^Jooj 

SJbJl J/yjJl jt i_Jy£x3l JjNjJb <-ij ~* u b> JjN jJl £ljil : if^y' 

• ' s j* ^ dr® 

tectonic plates aJ ySTJl ^jblyaJl dJ b_^>L-l JjN jJl o-l* g~Aj 

o stfdl AiJaJl t3 1 <UwJb yJj'Jl £’J a -“'' W^® 

yaH ejlfc ( yj aJUpL«JI JjJp t _ f ip t jjlilit ^y> b -£j>- 

cr^i J^J^ 1 oH (jj bl^W 1 ' Vri ^ ^bwdb aS j>*Za jt oApLu jl AjjUl« 
o \S y »- j olS" j >- j Jj^Jj ‘ibbJ'jd oLpUjJI j olailu ^ S^^Aji!! ^s- 


UJCP CjIS - y Ajt ^j. L^» olc-Uai j\ ^ejU—vaJl y y Ajb>- yj 

1 g‘. o ‘ i JLi j Jai — s<2 b - jAj ctlli tS^$t A-S j>~ bj^A 

y iJ y^ i-jS’ y 4iU? J yC5 uii_Ji y aJjwU.1 tjyA\ y> CjL-^ 

yJl SJljjjll ol>- jib U y»J (_j® ® j£*JZa Cj[>-ja 

aJo-jjII C->b»- J_i! Jilb 5J»>i £A Aj j_j t_«»ibX) _)l j_X*l L^P ^ 

.Tension JUlJl j! JaiwaJl a-Ub; 



^ Y ye j^jJl JljJ^Jl of ^SUJIj ji'^'j 

i <•& ; jX>«j j jj^l—sic ■ 0 _1_ 4 j _^S CJL? J — ij t jX&dl £yJl I 0 a l/ 1 ^ ^ Y 

subsi- J® j-a j oLSJLSu OjjJL®- y Oj_»i L*S^ cu»~-o «^_aOa 5 ji 

^ ^yL* ,jj]®lxa (j^ fA j iiiax« o^u®- UJbu tdence 

. Oull j*iaA4 jj ■» U j*pj SjAliJl iuOa y <wJb>fc« 

, ^ 4v®l_ (Li L ^. ~ rtj^jgg j >t ,,rt 1 1 0| O. uj>- 4jjAj 4_jI>* 1 i_iyJ 1 cJj'iljJlj 
, Jl «LLji® 5 _>xiS a jOJiH ,jfi yu *01®- yLi t^Ljai J^Oj ^4*bd®|j iiUail OljX>-l 
^ ^jj J® jkJai\ jl obL*®-^ OJUg O^i (. stresses obl$>-). l$J t> ly 

L^JLa>o If 4_Jii! »*'' ■ ^ A lIjIaIOI y ajjl»*il Jx$3l ^AiOjlj jA«J 

Cjft i ^L+jj I jx_£j cs^ y OjjO®- J_xc-) jyOi 

Sj^Jl Jbu ^»Lf jt oIpLk J0b>- oljljXAl jj j_xx! t£j>-\ ol aaOJ jljXfeNi 4_>®-LdJ 
jJ J_xj oljLvio'i/l (wJl j_>- ( _ J lp (^y»-f »j— 4 yp«— *afl <Jl_>- yj 

. ^1 jdl Ubi y yd I y» oljt jxaI 

A - ■a -l .^3 a lXjJ £j 4_-iLiT J— Jl (JjNjJl ‘ (_Jj_J>-'Vl y>J 


ojIjIjxaI a-p-Lvoj ylS" j) jU«ijl J5 01 LJ® j * i t _ r J Ob Oij iJlS'jJl oljU.AibiU 

t_J _^3 aJl»c 1| 4 — iviJU JjaXJj ^»l_P 4A»k*J> ufo-* C-jOp“ La ISJj Jj^j 

. .l$XP I j~$ -UXjj Mj j^jJ^ jJl jUfcij^l 4akx a 

^Ijyvi o-a C 5*0 mass wastin § earthquakes oljL-^i <JjNj 6 Laj 
a .^ l^- j j*j>-Lit Jl_®- 1 jt— fji ‘ A - ;p 2?^* 

^ Uila jt oljyjl Vr~i *^0 44 ^ 4)1 jt 

L^ilj (J ji® cs^ 4 XjIa9Jjj ‘W’jl i — j 0W j *^ '-' v ’/ j ' *5^" ^ ^ 4 ^* 1 

^ JjNjJl 04 L^i JA 0U>l 0j54 >LJj 4JJ&U ^ 

■ c^ 1 

: Seismic Waves CiL^Xf 

^\ JA U 4WJ J Jijij 04 OP AajljXAl 4_Jl^j oU-j_a Oljd 

. (0 JSLO) cfy if ojUUNI £^r y jOxo 

^ aSOb^b ¥^» f^> ^ ^ ^ 1 (#) 

(j a ^ ^ ^ «U 4P jj. *?j 0)10 f/ ^ 

" . Uj-e-J l_0a)l 4^J ^ oLaii jtiOil CJ^J- liJUl 



(6 ) |Jj 


: fl jf\ Seismologists 3 JI *UIp Lfwi ai j 

: 4,«»».,la .« 1 1 oLsj-jll - t 

Jl J S _^ll {_y> j Jl jJjiJ 5 — oU-ji! 

. ijtt / l _pu AP J~» J C^ 1 * - t 5 ^ &*** Jb ?*' 4 (jS* ^ j *'* 4 

: 4 J jJLJl obf jll - fcj 

Lo £*_jl 1 4^*j ijPj 

. ^y>ji\ ^1 J-^aj U Jjl Lj\j /^S W J 0,0 

'. is £ jjLiuult obf jil - ->• 

( 2 j£L«jj tiJjJaJl ol>-^U X-LoL-*^ j^LJj AjjljXAl ^ J 

<CJ> >*t*j**Cj CU^- L^JkX>u jL~>*AjIj ti> j.A>- A— ^ijS" 

t j_5 jll ^ Jl*_JL (cJ>— >u) i_Aj w»jj £~w~i jSlji A_>>i]i^ oL>-ji 

, Aj jib £» S jXdJ jl>fcAj*yi f-Lj^l! Aju ol J£ I— i»-va-i J 

: JfjJjJf ajukli juUi (3>b 

^..j.-fll ^ *\ • Y ^lp ^^llSl A^^wJ>- Aj ^15 U clj^jU A^»jJi5l ^ 

j\ _L*J| t_.„„>- JljJjJl SJLi aJ^A>- J^bJ- (j-“ Jl jll 

( . ./tarH i ^a»-Ij) ‘brj ’ 5 \ Y ^ja ^L-all IiXA' t oj3^I o* 

An err ^ t m- i^yj* 




jiauj UJ Jl jj jji Sj u (r ) J jds? 


IXJM 

ji**D 

(^jVJt^S’rLA jj) tlL-lVl Aj jAji, J ^ll 

jjUr,« 

J>^4 J j*i> 

i,° 


1 

aXs>» o! \ ' (Jt-ixij cij \>x>* a^J-cv^ Uji 

V 

g** jl jZj o JX& Q j* do *~**>t+p (Jj^j 


(ol \ • _ o y^j u 


Richter LH>- {jaj 

L ^»Ljii! A>-ji .AjIjJ 01 dUS _^aj <Jljl jJl s_l» a>-j^ 

. I JLSOh j t j » X * _J ^ tfll» <3}U*I j iO ly> ^ip ^jMl <£ _r~ J »->hj Ifcjli 

0,0 J Jj ,jrf 5j_-o V • -j _^51 A— ills 't , 0 JJjj 

jJLiaj A , o #j»Xi Jlji Jj • '“jA ^ ' • H ^ ’ 0 ^ J-) dr* 

i>LwJ)/l Aj j-jdto i_d>W> Jljlj l gSlla J AiUs Ja iy> Oj-^A 

: LAjG? 9 rti.nMhJj Jf J)*>N 

cSJlH t JljJj 0_*1» j-ifl 4>- ,>jNl C^- dj “ V> °- 

^ _^2Jl jt OJil O jS5 U ojU’J Jljlj V • • J-P lai-l Oj jd ^ 1-4^ hj+* 

IjSt OJil jS-Jl .Epicenter Jl^ljll 0-° V-j-* 11 

£_^> jS U SjIp j Seismometer -1^"' 

t aJl^s Jlp jUi c-Bj jhSl j\ i-uaJI ^-bil OUi ^ .i* 

S^NI ^ ^ju JJj^l c^wslj >U-i cijJI J 2j*r^' - 1 * °->>' ^ 

, dSdlSv-ll a£ J~l Jp A*i*j (_^Jl dw-liJl 

* yjill {j* jl J^Nl j ^-WJ' Bilp 

^ J*J ‘ £J JUaJl C 1 ^' osi a ^ ?UJ ' ^ 

^ AOP U^r ^ ’/A • _p0 Olwu oWj OUIj^- ^ dil^ 

^ WiJ c^oLfi' V- 11 *ijU\ akU ^ 

Ljjl ^ SJ^I oUlj-dNl (V J^dJ r ^ ^ 7-V ' 

jbrjJ Jl cJUJl JjMj ,y 7.Y ^ r^> ^ ^ ^ 





Sjljjj olyJ yj — A -y ~0j ~* — ^ y> i£j>~\ t _jis>L^ 

^U'.lW Ml Jayd.1; C-4JtvaJl ^Laj yjy^/l ^AvaJl <*ilo Jia 

oJkxjo y ij^-aJu JUT ^SlyJl y yi 4^s\j*-J r \ jU^Sll y Ul 

y 11 _r^' y a_^>L>-j 5 jA-iil <L2il j oU-ljl £jjJs>- y Ji_w 

(3 jiaJl j*Jta^ kUl_>-ljNl o J — ft oLi y-*j ‘yJljJ Oj^-Jl iiy-i £»l_pl yj^' 

* ^»Lp ^SCjLj jy~JH yy^j 

a _ r L_i y j W>j! oljl—^l L_vajl iilj-jJ^ jCMl yj 

<Gy JSLiL* Ig^s-Lvsij ^JyLl y -^yd yj^l 

yi Ia^~pj *upIjjJ| t_s^Aj|j y^J <Gly>_*Jl y 1 l^J ^ 

l,M k. - A JljJj L-JlP < ' — (j-° ^ — 4 *— °J ^ *y — d^/'* 6 "* 

yjl oUiiy^l J/^l L*iJ^ yJl i-y/'Jl oUJLJLJl ili^i yj 1 ^ 0 . 
^Ly^/i JV.^r— ' °l iPb y ^ ^ ' f^~ ^ ^JJ— CUy-l—sP 

(jjabil y> U j-Pj (_y -^yS-^ J li 'j^'j j— ^ ) ® y’J-' 1 ^ y***^ 

y (jtLil ,yaj»J <1 , y_yj l—* cS y-^ yj <■ \ ^Y JljJj 

^ -\ jy a 1 ~) 4jJ__*dP AjJL-w® ' ya I f <— -3 y% — Jl 0 1 -*- a 0^ ~ y ^~* ' J) 

. «uLdP JjNjJ CjUa-J>xil jlx-3 y yC j LoJJP JLjS£ ayliail oJAj (yiUy^dJl 

q 1 . 1 1 ^ejgj ^y A-w J^-LwJl t»ljl*Aw<jAi j ^ Ijg— fl *^/ ' o^XA ^P 

^yi y«dj ll jJa-I y-Jl oJa yo i. y>cj ( — adA) i* — sdx« jlx^l £: — ^ y« y^^ 

j-lyo'i O^yi j yJl i^b^- 41 JyT ls^J ISLJ^Ij oLjLJl *" Sy UaJ 

jylp al_ll C*3«— Ajjlj HVO yy_5l Y *\ y JljJj yld-pl y y>Uj_— J 

yJl y j <■ ^ i iy*— * i3. y j^>' ^dj' _^a s ^dyr J^'j^ 

5 y Jj^jJl yJ^t y JLaij ^ i ISU'i/l Jl^Jj W> jNl S y^l L<J y 

<„-■■■ a - A,1 A, ^ yi 1 j Good-friday (_gl»uly ^_y • y .j ^jy^J 

y l$L^»*!!fl J '— “'^ ^* J J Slii 1 ^jJl V yo y»dw<lj y — y^y*" 0 

. yj^ylll yi oNNl I jL>xj ol yJLsj! CjUj iylyi^Jlj 4j^ L , aX sNl I_yilyi-I 

idUi <l>Js>- jl_s j i ^d y^ i — J ^djj — lS 1 ^— *“1 y j - 

v_iJt Yr y yj^l J_IJ y c_*j — :j HVl r Lp y y_^j V,1 4jyJj JljJjJl 
y^»t*4 MaJi jyj i^y^ 1 -^ J “^ S “ -^Sj tl—i!l V • yo jiSl <uLv2>!j yaJrr^ 


, iK^£> j\ 0*LlA»ij oJp <lXy^_sP Adj c *UyjlS3l j ^^dy^^ 


Ajllsull c>jjb ■■ > » ^ <\AA wJ<-b>-j t ULLv* 4 JUS j .. ...)l LU-ojl — 

4-diaUo L$i ^ <_y Wlj (^ — *■* £jJJl dj*Jl ( V^^L-S^J jJ j^-o 

5^5 L^U>*L-«-a A-fliala J-A jX?hcjj \ * ^Jl (Ji^J^Jl 1 *La o J CU-Lv^ j ^ J»P 

i— twjiJl 0 0 ^Lp J_ j Jj U JxJ i* ^Jl p^A • La jJai i-i^gj 5 jSb ^ 
t ^ ^ * c ja ^1p) *L&, — -~J V * * jS I jj ,*ji.\ j ^XjjJUi^ j+r& ‘Aj 

.w ^ 

JljJj l $Ua A^j j — ill jl Lj — xJl 4ilodl 4 — s^b>-J (jJ ^->-^1 ^j-^J 

t^jlll jj ^J_Jl3 \ £ * * 4JU>t-s^ ^yUUheJ j A ^p-xJ 6 jAj J*\ y^\j \ ^ ^ £ ^»Lp ^Lw^ ^ i 

j ij jSs>xjj v, ^ 4 jji cuji — ? j \ p <_-» j-*iL — pi (Ji^Jjj 

, ^La LS" l^waiUj ArO vAL i 

y ^\ \ Y JljJj i^l ^ l*J Cw^" ^Ij Ud JjNjJl cyj ' 

(^_jl_wd.l J * "^wX-A ^y*A3j^ ‘J Q ’ * ^yA ^J - * Q A ^yA 4*A ^ ■■ ■«« • " 1 

J ^Js jl Js> j--*j L y>j^/I ^da-^ t-S® Si-iJ !±JjJj>-_J ^yjl i.1 ^ O^jjj 

o j V* Aj>«\-v4f d*-*Aj»X— c 3 f . Ifl .» ^* 1 1 f ^ll d yil Cx* ^ t 1 ^ 

o o 

T ^ *\*£“ ^ ^ j ^ Y ^ , A Jp* .A*-^ 0 ^ jA 0 ^ — J ** ij-'LaJ; 

•ujljj “^>cl; ^-Xvs 1 (_^^’ 1 (Jt* - ^ - ix° lS^ JLv-jJl tlDij i. ^S 

^v5 j i -J jj j p-JaX* o^UA aJ (JljJjJl JsLixll i!M Aix*jj 'yiw ol 

^^Lc- ^^LiwJl jj_>waJi <5 j>»j kXJ jjIj ^yXJlj j— ^ j* l3j 3 ^r!J — I 

0 flta. j (j| <U^o ^4^1 ^^jlijiA)) <Lk-41>- 4Xxj dli^ jA k 

. JjL^/I Jl Cuiau* bi UxJlj SjAldJl J, £• xU5\Jl 

: Folding Movements &U»jJ-t : LtJLj 

Jajtv3 _jl Ja&\ Jajw 3 (_r < ’j'^^ Sj — ^ olA^y' ( jP oUljxJNl 

jjalxll J oUlj-jJNl I JbjJt Nj Jb ...^.A j>u Ji— (_5^'j 

. 4— /’j'^l o j-XjaJl yi ‘Srij-*-" A.a^ m 


^y>“ < ' (j^ 0 Al L ^ ^ ^ ^ jAJ J 3j 

£-ji! J ojlp JCL_ C ^yJl CU>Ol 4jl_j_xll ol $ J- 

U-J'yij k L_a>iIj yS (jiJ 3 jL*tJ oLyj d ^ — ‘~T (J^ Cjlj-la^jlddl i_iNN 


y^.J ob/LJlj ijLaJi ,_JVlj 

JL^! 0 Ja J-SJ u-^b ^a^r 1 a-d^b <.AJU_aJ| 

jJUJl a*J ^JJl y~-jil j+a* y U^U- uJlill yajjl J^A>- cJjSa ai 
Cx°j ^ aa^ d'^- oU>->a_i jlaSy L$ia~* ai j i JL>JU a-JL IS j>- jS\ aJ*>U- 
LjjaJLS’ oUiiy <_«- j iJjaJlSJl a Sj—J-U i-iyJ b-*a — #l Jj^/I yj-jJa*^ 

JU- ^1 yj hcrcynian ia ~^Jl yLl UUl j «, laUsU ,_ll y. 

tU^ac- ca^Xi yJl aJIjJNI JL—i-l Jfcj yaS _>A- 1 ^ail \Jajj iUUL harz jJjU 
1 U~~d j ^ -U ly^-I ^1 p JUU o*Aa aL*jl ajaai a^l 2 ^ » . .*» I i y^ 

<_sH < “°' (_s^^ Ail_a>»il Aj^*_aJ| oLUjJ JjjkJl L_p*jjlj / IS -a t ■• . . y .j 
(Jh £?~h) A -^ a ■**—» ‘4-b-' - '' jl A,.„., l< ^.ft JlSwl ^1 LgJjj_j<i j 

i ^ l/* y° ‘ — a tSjy0) ‘^IjxJ'yi JL_J^I SLXJ a ~ — < L S~ y jljA 

.(U 


: ( o) JSU, US' (oLkJI) oUl yWl Jy4 _ ^ 
. i_j j-Uil Ja>- JyU ( _ S U ilax»l yc- t jL p jAj ; aJoJI J ^J» _ t 
■ ^^*1 «l£l j a Sa* - ^^ I I y*j AaLULl y& i aJaJI «•• 1 j 

yaj^ i_a^i j* - * — *d cS*^ ^yaJ.1 a* • jja*a ^Jolmi — «jf- 

ojLc- aJa!| jjA*^ OjSo la LjU-lj Jl _p-*Sfl IwJIpI y yllUla • 
ya jl ly ^vail )o jh>- Ak^l jj a_aI^| :>a_>*j ^ 

• J^>J.I ol^l 

aa^’ i_$ j— - - ~' a ^La! ^;Lll Ja^-I ja : axis UlaJl j ^ 

. AjjJLLI AaJaJI ^Jaaai 

jjjU 1 a» U — ia ax«j (_$aJl ^^a^JI Ja_jM aj j^aijj . Ja>- _ _a 

. olaJaJl jJ-wa alji| 

^1 Aja_j»Ul L_JaJl y> ^_j j_^ia ^^IpI a_ai aLaJ : aJaJI a_«J _ j 
. ija>J.I aJJI cjLaJ? y> aaJ? JS3 Ui ^ a^a 1 







4^111 CjLs JaJl U-f j a*^9 — %i • »k J ' L— >-l*J>“ — J 

jj j (. a jxill A JaU yiL j£ ^1 ikiJl jJ» '. iJaJl £li _ £- 

, Sj*Sll 4J2JI <^Ja JiU £-li 

1 oLJaJI £l jj] 

L^JU elastic limit L$iijy> j jS p~ y* iSj*\ ^ oUJaJl ^y> ycl L»oip 

oUaJU A a«wj ^J l ^1 jj"Vl ^Jlo-.,l)j l tpUia j\ 0 JJ — ~A ^jS *--la*j 

: ii^i 


J^c ^L-aJa jp SjL^p ^ j '■ Monoclines JJ.1 oLJaJI _ t 

aJ \S jA >- Li ^ aUp 0 y £* ) V J t al^l ^ a^a — >*.a ^~P *L-9lw-a 

a. .ti p.| y^]\ t ’j£- Sjl - p ^a jp-T ^j^***) ' — J ^a — ojLia — >*-J 

UljJ <U»»J ^4 OjSCjj c Jil AJlJ»~ jl A*A sl oLaJs* ^9 <_j-‘‘-l'' A ' 

Lil Sa^p-j 4-JaJl j^su ■ ^ <dl_al ^y>j 1 . '%a ji5l ‘—^■Ap- ,j-« ^j^ll 
^1 J 1_| j4 ^la-Ai _^ll ^J>-1 — ~Jl (.s^ 1 “j' 0 -'-*' J — ji 4 a]s*a tjS*^ 

c ; < j yJl ^>xj (JLa_aJl LaLp* UUl a — >-\jj c 4-x^/aJl 

( J^-LJ| Ja>- 1 ^atS^ o jii aij t JU^aJl la^a^i ljla>ol 
i£j— ;— yg) ’^1 »*bll CU^ (Jjj_> ^J5wj 0-~^N— njl 4 — 5 l a il l) 

.<mr 

^0 JlpI oLi_JaJl 4_Jj : Anticlines ajJL»JII oLkll _ 

j >% j 1 ^ 9-ll>- ( *t J5wi) Ja^a ^ll ^ |»J s'SlI jj>* — v^aJl Sj^-j 

.^j^>xil (_g^a~ll lJU*j ^-jliL-l 

ol/l Jailjdl oU-biLl : Synclincs « yull oLkJl — ^ 

■ ( t^ap-Vl C-)Ln-lail \a 1 j ^j^>tll ^j p .« - ».ll 

Xki tl^olj_>-lj L^-»aJ oyi — oilj i)a>xll oLJaJI ^a ^giajj 

OjSu >-!af>«J A«oJ all® Aja>ta jl a y<JlA oLkJ ll li _ s aj| jjiuu Jallo ^5* <1)1 


oL->-Usr- j l J*. L ij_<KP 

(_5jX»vi! J^a aJU~ ^ J iJjJaJl ^^XjjUm^o j 

■ < Lvl a ?' ..< a^*Jlaj AjJ^ca oLJs j.^.la7 <.^^->-1x^1 j^ojlj O^X>-l ^JlxSbj 

-t>-l (__s® (Js^ “^dji ^C*-5 A»laJ! Ji* ‘■^jfJajl ,j ■* iS j ^ J^wl jQ . iaj j 

• j>- 1 Sll i-jjkJl jj-ijiaJl A>4 ^.- yaj A>-j-i ^ eiljJU'iH 

a- — J i jt ^yiil ^ j ^r-i UU J? 0_vstj l$_J j recumbent a^jLJI aJsJI j 
SjiIj j £Ju<aiU c*v? aJs overthrust APJU.ad.1 a^sUI aJJI j t 

• O J5Li) 

liiJi oLaL^ S }II ^a>- ^jS aJsl>x J_JU aIsjIj ^a o U i a il ^J~£ Ia-A^Pj 

. domal structure '-L>IS a^ 

Jal l — aAj u j* Aa oLJs> cJ JL>- j — giaj As Ail j— S'AJli jjJp-j 

(_£ — s<ail AjJl JjlalXA ^4 Ajwb^o oL-Ja ^ l jp\j>-\ 

ii^>- o oLJaJl ^ {_£ vsdl Ja*-vaJl Aiklo 4 -;Aa>* 11 oLlaJl 

Aj^ydl J-a| j—J J Aa jIaa ji_ Si £c*vajj l^SwLc o\ — sUJ.1 t^+PJ 

cmr c AiixiJii 

: JLSJmI$ Faulting £jmaLM CilSy* : L«j)j 

„la,i» .,<all A- iSj&J i£j* <— « — “~J • 

. tension jlUI jl compreession 

£-yj>-j) j t jM i o j-— <_/ ol_a iL ..l T 5 jL-p £j J— s^aJl j 

i j_p^vail jil J5 ^ cjjJ^ j surface of fracture _ r »S3l ^LJ a.j1 y> oLLklJ 
A^-IjNl O j5vj JlJ j t A^A*kil A_-sJj-*i jil ^ h>- y-Z\ OjSvj 

. ol J U ^jil J-^ai Jij iaii a^-lj 

Ji t_o! j_>- -t>-l oLS' li| Lo nj-t/ Jls- Aji (j^-j 

jJe- Jiwj Ua L5y^ Ji lil5 li| La j\ tiiyi *AS ^ii l/ 


^ displacement a] jb cu!j-^- ^i-Jl ^ckkl 

to Ij^U jLf Ojj iiSj-> c^. iak-^ 0^0 ai ^AJi fault plane ^uk! 

^J^sSsji (3^ f'lol J */} LI t. _ ■ « i n^ i l 1_ Jt-C— >»J L/> O^L— P *• — . v„— '^*“ U . n i plj O^SnJ 

. ^LjLo j) i ax^j «-\3 ^dJl ^J uk l ^^Lp* Aj 1 1 

Lr-° cr^ J- 3 "' Ar 4 ^’J^ 1 : £JUaJl oVjLa> _ I 

U J j-iJlS - Jk^r-r 4 ! lS-^J (j** t ^jwLvaJl dj— I 5 ^LAi JP^- 1 ^ 

. I JX/> ^ \ 44 LA lAJUSj ^ ^ ■ (JljJj Lj-T?- f-Ll 4P-I jj OoUp*- ^a*S/ 1 


cu>- jl j 4^ijl _pi 'jJii J> Owens. V. y^/\ ^jIj ^ HJAS - <±jS^j 

•^j jJj- *Ll <AAJJj j-xa jLS “1 • 44I — *w» J jb jL-*l 41^1 j^} yjx^A L 

• ^VY J JljJj 


v_4 j*. j 4 AaP ^yS 4tJaj O^UaJJ r l^SvJj 4>-ljNl Uij 

4^>j Sj_X4 ^jJ—siiJl ^4 4?-lj^/l x«j L» o^lpj fault creep — vail A>-j j 


, 4L jA> 


: AllroVl j-^ « ‘j .-.(ji 1.. C.yi £|^Af 


4^ y>- oLJj L(jJ 4*— Al ol? J~\ £jJ LjJ ^J-LaJl £"l_pl _ I 

ioiU-1 £j^> j\ jljAI jJUj vJyuj : normal fault (.pLJl ^jlaJI _ ^ 

^yjj (_g ^jJL*Jl AsSLjAJ 4jjAUaJl 4>-jp*-jJ! (1) j&j c j-'A*” (Jj* j ^ j-*j 

• (V j^Sj Jiw) JLA 

£JI*p '■ reverse or thrust fault ^ jSsjJ.1 £JLaJI - Y 

IAa p-^~L j . ^yJ| ^ Jajl_j>iAJ 4»-j?-jJl 0 4 A j JaLAJl 

AijlA-l i5^_>tXi 4 _Aj (_g jl*Jl LJ _P'lAJLj'ilt ^JLvaJl : a ^ylj 

J^ypl ^X^a]\j 1 Xjlj L ^jLLJI ja_jlA-| f.\ i) t _yL'l ^yl| (_5 jA*J| 

. LU (5 jLJl ^yLj J (jjLll ^yjj ^ylA— Jl jailA-l 4 jij ^yU-jl 

1 Ap-I ^yj J 3^- jl L_> ! jjiLa—i J^yjj *4^1 jl J ^ - I > 

L pjJL/all «A> ^yn tl — « 4ilaU: 5U>-lj 41^^33 y> 4 >c»I>*_o J oJlp Jlj^’-'l/l 
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mm\ 


-J/ 






ajlp SjL-p ^joj Step fault i-J-Jl jt 

j_pw> ^ £j^\ 

JjuJ ^ JaSU-l J \s_pM ol^i < Jj^zj J-^ ‘^■k-'^ 

pJj olS j>- J* ^jAsaJ! t\A gZSj i JlLJ\ Ja5l>JJ v-^ 






(_$ t}^~^ b jA^> <jr! 

,(\o<\ ^ uW\h 

Ja^ ijtu oliLiltj ^P ojLp : ^J-iv3 - Y 

7»r ]a>.* J " ' t J l j*~A (J — 4jjL_P 1 — gj 

^j-,1 A cS^J • > j-^’“' JjiL>-^ll oj-A ^y>j <■ oL*— ^ (_ji jl oljlill 

£j>-lj) o • • ■ jS\ AiU-i -ll«J L^jJl |» .la xJl jjjjjjiNl 

oJla LiJ J — 9j .(Yr ^ l^W cS^-^ Jwa-i-ill 

i j*V> JjiA) ‘*- # jJ^jtll LgJ C--v^j^-> >^" (_£j>£ *^ T — ;" 1 olvlA>e-ll 

jl ^ £*Ja^j C5^ olij^wO jjJI (jUp’^l {j* (5j^ 

. 0 ^awI^O 


y^j I A- 1 Utij^cj 4jj — >tLv^ p-UjjI — j Uijj I oil — — Y* 

j\ ^lp-1 c_5^i (_5 ^ 3Uai A- lx5\Jl £3 Ap^-sIj JlLtaj <• 0 l-P-Xs^ 

. (A JiCjj) t j~JUM ^Js- ^ihSOl ip j^-gi 





: tjJLc 4 JjV) 

dr 4 U Ajiia-ji vi jjA>- jAJ ^Jl jllNlj aSa'SII jUoi l j5vw 

: JL L. J^ 

5j^>* — *aJl aJa£JI iJlSAa-l 5— >wj j Ja,i Jj : jjj— ^-1 jt _ t 

i cA.ljj^j (_jijA>- ^JtLw«Jl (jl* 1 iLLiLl j^>%vsJLj 4AJjJ,l 

iJLUij c j ^ — >*.*,*3-11 <U j>- oL^I AjA^ LffcLs^l l y~—M cJ^l>- £y> 

Oj£j U ailtf'j t^pbJl jJauJl Cx ^~~ ^ ^JxwJl ^y> oU^Nl Aji 

. S^JwaJl A oi.5 ^-jA^/iJi aJIj>- ^jS Jaii aIS <CA jAii-1 oAfc 

jl — fi'Vl J*__A> t JtA-j lAiij £jA — sa!( ^ A ^Ul ^jijA-il-l A. Ajj 

. AjXjli-1 

jJ- obxi« JO ji&j'- tectonic breccia aJjX$c 31 Uj^JI - V 
t ^JvaJl ^Ja^u olAjiaJJ A>-^»-j Aj_jAj>- JAj JSvAJI A a I a X ^ 

_ aa*__« >w3j jl» ^ (I) _jSij Aij tS jzr~* (‘W'A’-t oli LAo^_Jl OjSo Aij 

, ij t .si\.rt\ \ JA« SAjAA - AjAAJI Jajl. 


Alku a yrx £jji*aJl ^yaM jO : shearing zone jjA&Ji Aiio _ _jf 

AjUsCX k_i jju I fyi* J Aijlj»« AAC As AjjI — A lii ^ 

iSjf-'i i <-jOn ^ La>j o u ut-a-ij <. i y r ^jJ r \ ^^iJi 

Jlo aJA_* 1I ^yajtJ L)j$Z b> oilpj tt-piaA) 

(J^t >- ejlil A_AA*II JjJUxil ^ CA — — A’jiij (jrfLaxJl 

i jl o jA>UaJl oAa A^ LwO I ‘ Jj — tjj * — 

^ lSJj-* A-AT <±~s>- OyJi yi-* CjLiU-i 

.evaporites ol yOl y> L*> cu-JbS3l oLa^SJj 

ji JJ.I I ^ Ifr^AA j 1r Ju AjjA^ Lfi Avaijj : oliJJl V-JW - i 

. £wLaJ1 '~t J iajias- 



:Plate tectonics 4 : Lu*«oL>» 

JjI oIjLaJI ^^ r .51 jj j AiJ^j ® j*£ — <aJ lLo^L-I ^ ^aII ul 

Aj^jsU ^ La>|La ^|1 hX.wOwXflJ Oi-XA J 5 t Jb *C«.1. A .... ^| * « J i J .>Jl ,1 

. *Lo 1 j] ^ | 

earth's lethos ^-i^-jilll i_LJa <jl «.!*> <iy • oj-ww 

gX^M 4 4J3 j . — P ii J>*Zj L^w** L_>- jJ ^ ^ OjScj phere 


4 <rfr 


yOXil 


(*) 


. Ls y>- 


J*>U- ^ dUij plate-boundaries iSySoJl j-ljJ'SIl ^ iivsUJl 

^-^gl^Xi _g C 4 j 3 ~o-C- 4j^>ej *Xolp~| jl 4 «jLp 4 aJL^* _gl 4 jL*^P iXXjL,. flflJLj JlXp 

. _yu jJlS 1 X o j Vo U oAa 4£Lw 

^jA ^oliill ^jUl ^lja>j ^1 j & IftXsj Utx> ^-X^gWl oAa ApLij LoUxpj 

o'b/l •«— L« 4jj (JXaS- (. ( jJaXils> , 'i/ 1 Ja^>xil -ia^“_g l-^-h-* __gXi^l/l 4jLb 

^^ll ^-l^g^tA*! l_£"hj ij-«J ^Jl ^^jIS^aJI ^ - 4 '.^ 11 t * lwl>- A^aa S' LaAaS b dl ^yA 

t ^1 ^ tj 1 ^-AAaJ l f * jA aAaC C 4_^A_b LhJ l (d L- 1 ^g"4 4_1 aaa1aA 0^g^g*V^ J ^ft ^^\aaA*J 4aaJ iS* ^J 

.(A JSbl) l ^latli>'i!l Jaj>J.l da-Auj i_j_gXM 

4 — AtSjlA . Ij a I J ^ib^X) ^A*wa 11 1 g ■/» * 1 ^"l^gj^/l > ■ jp. JU LoaXXPJ 

L»Xjj t jJ_x>L*JJ j . j_>-'yi ^jjJUl 4^J_ n« (Lgft _gb) 

. 4jJaaP 4jj>tj lAj^I >-1 l^ X g. ' >-lj-a ^j3j 'VL>- U j£a j>-'ill v-j Jia il £Jj jJ 

L« viilS gr,.^aX. ^ LoJS CjIjI ill jjAM <jl ^g>- ^jJ^p -Xll IJUb 

l^v3_ *J ,^ 1 -^ hbi>" IS” J— ^ id ^gXS\Xll qI jN\ (J^*4 il J>*£ 1 «JLXP L «1 t Juo 

iXjLp’idhXil L /3 j (^ja/1 111 i ^xJ O ii^>«xll 4, flla* a t £ \jaa<<Xjj — »aaS sj l^^^ft 

iikll ^ 4jt_;Xj ,jSUj U Ulftj ,>« ^r-S iflAXp JjNjj idlS^j 

. Luj^gjLllS 4jds c*» 4AA*i_g^ll 4jbS3l j UUiJl 4 ^^j^« , SI| ^^axIxSvII aJl*^»IaJ 1 


o <j •** ® j~** j aaJ> 44j^)jJi AiuiaJl Athenosphere y-S^ # 

, (<j ja) a jfaf&A K>Jm <U>- XJlp Aa£> jj oli jj> W> 

, JU jJka>- jJNl ciXli £^"jl 




0 ) 1*5 J J£-il 


*ul ^jJUflJl I ,^1 ^ oUlUJ! jl ^-IjJ'ilt j_j o SJU- ^ j 

t_5jJjJ L^__ P yj*!>- ^i, >~lX3i> (^ijj <Ujl2lll A — val>-j t iajUJl CjI£j-J~| y C~>\Sj>- 
'(j^ll ^ yu U — *» JjVl “dSwi yt^a}\ oIp- s-1 y*j i U — ki t£j^j 

cJ iJjJUll iisLUil Jyi o jz& oLo5 Crushed j\ j~£> jl yt*aiS 
CjLaI — ^*^/ l i_s® (J^-" i_s* iJ^ 4 

. iJljJjJl oi> jHj liL< IgJl li^f lo 

t yixL> 4jjjL_* If 4 ' 

. 4^vJs>UJl J^/^LJl L$-s U iJjxScdl ^IjJ'ill 

A jJbL-1 J _jJ a ( _ S U y> j'il 5 jJJ (_jlij iJjXScjl ois - yc}\ iiSlftj 

^•1 ^pc JbU- ^ ^Uij plate-boundaries c 1 /^ 1 ^ 

L-jib oil }*J>\ & jJ^ v-— i U — <udb 5-^1 j>fl Ji> ^ J' 

4JL5 Jj oUUjJIj £>W»j oLiS-kb" ojj^ ij V-^ 1 ^ ^SjCa 

, 1? j~®J A~p )\ 



An It 4tt^dj.5 (J^lp“ & . t^n — ■ ^ til ^d^l *)/ 1 4 ^aJ^ ^f. ^ d .tit (_)1 

Cwijj < uj_j^5cJI ^-1^1 "ill jS 1 ^jj> ojLxtL; o^x^d 1 S\j^«I l-* 1 *x^*- (_5^J 

i Jtx~^ gj 1 4 — Jaxlb *)M y £. — xll ^ tX^-i ^JjL— <*^o 

dx_j>- y>cJl £13 :>Jlc j\ divergence jlpU ilkx* j mid - atlantic - ridge 
^Jl JU-dJ! ^jA L_-jjij 5-ixjT y. « Y" ■ • • *XjJj oIpLsjjL <Jl_j>- .xxc 

^jlxi dU-_j>- 4-^jkj j£do 6j~j>c-Jjj (i CJ laJll5> *y I JsL;_>Jkl ItLvij J jla ij ^£- i_-> jXi- 1 
. jJi ^ I y> sjlc-U^ basaltic lava idjl; \i% 1$xp soJ jd.1 olid jill 

O.X>-lj .A__*J <Lj j^ScJl £-d jJ"SM J S' J^l iJadJfl'SlI 4__iLi-lj 

^JjxJLi I dJj SJjJp- 4 Oj dj (jl-i j»-J ty°J fdj>-l dud — >• 1 ^jtO 

. Ctob 

JJ 4j>r , ,:‘| flj pLyaJl 4j_jJjUl 1 S^ljl lb I J_X5Cjl dpi d I y mJJ 

LgXP ^cXXj 4-1a**-11 o^XAj (. ^-^Ul <j yi *s/ 1 

. ( i • jJjxJO i ^jJLp *js\ yp j4jJs> ( l«0 ) 

^>*Jj A—dU^-l 43 L ■ » /a . l l Aw^j ^ I Oj -JLdJ l i! * 4-w<> — S" j JJaj^ 

0 • j>«j ALk* 0 AlLo^>“ £-Lo L-i J J»*il IAAj c 4U*J| ^9 

• 0*»AjiwXi^“l O^wulll ^ yQ 

Lf ( J-*''-“' — ! yi cS" 1 ^^ ( _jSaXil>'Si 1 {jA ( JS^ ^ ^d — flJl ^L-ajI (1)1 ^iljJlj 

0 jJa {jA jjit jS\j (3 J^CLaaiI l_S Jill ^J>- _^l J~i-l dt-l >^**4 IxL>W>iiJ 

. (Wilcock, D. 1983, pl9) h~> 

^-^1) I jJdl ^LajI^a .axp Lo^-lll jl L^bUl ^i^*-s4> ol jSUJU 

4sUi-l JiX id -jJ >- d>Ldj t _jls>l)t« ^41 ISb^al 

. ^la.ti ^Jl idaJdaVl 


■uijA^ u^j^'sll j-_jUb Wj -i-Atj * 






t ojliU JbUl JjjUali 4_)U J jJ-l l5jjJ>l ^JJ ^J-ll J'J’IJI Ui 

ISvjj^l ^J jl t_)j_^Jl Jl i_j jJl ( j» nazca plate iSjli ^-J l-aJ~i 
i) ^JJ> yAj) Lo*aJa-I ^U J^ jl & jLJcdj Ujjp^ t bf>t — i Siy%*j *Lo^-J’l 

JUL jj ^iJ Jilll 4j» J>^> Ja-I (Jl (j^J— *J (jJ^jJl JJ—iw’ Q* i\y» 

4-£>-l J| (I gija) LgJO> J lS JJ Jsu>JlI o JJtll jN I Jiij tajl^J-l «U - y JAj jl £0 

Lo LjU 4 lU-i a Jjlsj Jjlil 4jLi> j_ ?xj 4JjLxI (_}jJl J “' — UJ j-° 

tJUjp- j <. ^jjl ya I o^-vOaj i_jI JLS I j Jaj*^ jj <S J £\J J"i^ L ^ e ‘ 

jj jJl>- <_^ wj U^lu ,Jl5c_J>-Nl 0 La ISjjsl £-J 1—5 J £\J -JgJ 

J yt- i_^jI>- (_j ij JjJ-l I5uj^^l (jJ^aJI jJ^-LwJl) ^y-A^jaJl Ja i iJJs (Jp Jj^j 

IjJLva-o t$ U>- Lf o j^u.i J>— >-U il j-« Jl JxjLLI y cj aJojIJI 15 jli ^-j — ! <Ujjlo 

UN l_£> jj \ Jl oJukjt jjJLiJI JJ^o active volcsnes ik^jJl ^51 JJ 

I ^ ‘^1 ' - ^> - I J t, 15U— -ll t * J.Q ^^5 1 4.*. ^ ^ I ^ l.O liSS ^ ' rt 5 l 4 aJI~WU*J 

jJ JjNlj Ujj JtJNl 4 Jjl — Jl obj^Jil! (j-“ (j~^"Jl Jp *' — wai_5%iLl a— _pJI 

. IJ Jl jU »/?ll 4^, W ,4. > cll <Lj ^ jX^lil jNl jJ>vJ Jlj l^J— Jl Ia!^— * x^s 

UjUl j! Jl — *&. xj 4^v°j'i/l 4 — >u< — SaJl 4 L 0 JP Jy> J--5 IjJ— (- j*j (j4>J 

. (_5jU (J-^l CJ*U oUjJo jlfvajl (^Jl Jl o-^* J Ujj t_i>-'ill 


(j J 2 JI JU__vxl Ja^^eil ^JJl oj* jsj— (L)^j Oj— 5i ^° 11 J — ^ (J^ J 

JLal jA (Jf 1, 0 JUJ 1 ■>- ^JjU ilj 0 oLij J a 4__w«_#il oli 4_Jp *1*_J ^jUJl 

A*jl5 ji * 11 1 ^ oLw*j t j|< 3„ (>1 ^ 4-JUU| i*»jI lali 

Oji Jl j karile trench Jj J jj>- 4 _<j Ji« *u}>- ^1 j-il 5 jj^> J Jji 

J j_l5cJl jj'lil Cj ^ -. j gj l I — “Xj> oLtJ J — t jJ"l 0l ^ A <^1 J^ A c :> ' jj^J 

J 3 L 0 JuP 4 J CJ J> yj (jJil jjL5c>-Nl j isj Jj~lj JUlJI Jaj< , .ji\ \ 4ja = _»J.I 

J5ji J gx.L, Il Jl Bj__^aJ.I il Jl Jj _ y Jj_c5jJl JJVl y-J 4-1 — iJNl 

Kurile Jjjj5 Jj> 4J-aj«JI ii^ptjl Ju^U-Nl Ul <.^-51 Jl ^ Ja Ja>- 

. J~A) -U jjl Jj> JU LjUjU jjJjJ-Ij diLJi Jl j trench 


.ijjdJI ISJ J £•_)] (^al^Ji Ja;J>«il »L* C>4^ J^** 4 ijjp^ jJ # 




u&j5» etaM 

Uu uUU« J ($ 

U^iLajUIIJIU^I^ 


I 




Weathering 44 ^ kU< i 

jl in ~ situ j»° jj-»— -»,< gJ I jl diSUi _ U^U**^ __ 

AjlUUa ^y_j^3 j L y2j'^\ c ‘Jt* J -U J>*-*A il diS\A) '^Uv^Sj ^£S| 

. L^jjJLU UjUJI b^Ull l^vajlvaa- ^^3 

l^j 5i j t Ux^JaJ! jl 4^_SUilSUil Aj^>txJl ; iy^y t_^i j»-UUij 

. <U>lj ‘uSUilSwi [3jiaj oUjUj L l l ad i ^jJl ^>wsJl dlSUj 

Ua^U AjjU SUl 4^2 jLs<2 — >- J>z- - yU 1 <■ UjU-wS 

* Aj^^yaxll ^ I j ds*vS ! t ^ L> j \y frill ^^3 


: jjhMuddf 449 ^ ir Lc op$Jtl J*oI$j*J1 


exogenetic U>-jLj>- JU_pj endogenetic UU-b JU j -> u ^j^_Ul _/&' 

t y ^ •. I' d tSU 1 o! Ujd 1 — Lb UU^^ c [^£^y> r a^UU {^3 ^ ^ -Uo^j 

g-J j-djj diliS' hydrolysis ^ylil Jl>uiJb jL—iJl Jh Ua^ i^jjSLUL; 

jS\ cJdx-C O jL-^d-1 AjUi j^ax-yaJl (jl *-Ud idw*- tAj^^adl A-U<kP ^3 j>t_vdi 

J^aLallj AJLia.il £tJa*dj JjjjLlJl jjJj duds' t<Udil-l oU~d-| ob jjSx^aJl ^ 

Jai U_j dUS gUa_~“ US’ I j^-JS lAdcUj bU-a- A_jja*lJl CjLUp AjjU^aJl 

.(Clark, M, 1982, pi 5 g-1 j) 

^3 U-AjjJ gdej i_3 j-jjj tCjl — cJlj ^dall i_y® (JUai3 <U_>-jlji-l jJU jjJl Ul 

; aJUI oUtUvUl 

djjda- d)ji _y>waJl diSUj 1 — Ul jSi US ! A^SwlSUll 4j^^>sUi oUI^p 
Ajj_j>cUIi Ua_J ^ll CjLU — *J| dUj Ji— aJj J (. 4_|jU_SUl A.^j l ., /3,-d . ^ (_gt 

: ^ UU mechanical weathering USUlSUl 



: freeze - thaw Jiu>&dl yibu JjuL iiycJI _! 

JUU^CoJ ij \ I J_5 4jy« — siljl (3 Js-li #LJ.I 

Jlp U >• -U.XJj Jai U 5 ctlli ^CCjj *'•' — "**i -tiy ^ ^ bli #L-Al oJA 

. jAiJl J- 1 j ycvdl lLI^aj ^il l_£ ojjL>til jj>t^a}\ 

^ a l i 3 jj r>~ Ojl J iJji-\Xj L— fltAJLP 0^5 ^*5*1 ^■d- 4 *— ■*■)! o3a ^jl 

aJujjJI oJlA yli Uj5o y {jAJ tLLJl L y>jjx]\ ctUi lLjiAptj U oilpj 

j~oJd ^Ij Lfili iJajiJl ^ Jr-^ cjd>jyJl i t* ^ji*i '-^r 

. SCO Jjdl 5jj jJl yb ^-br 

; (_gjjlJi ybJI — ‘— > 

hj*2 <J <■ 5 J 1 ^' 5 - J '^' e>kkU US* C- JV ’-* ^ 

J^-ta crystal growth oIj^Lj ji Jbb^- y> bllSj i<u_jLJI LL__*JIj 

*111 J_~ yJl ill £cJil u— )>r i bxp dlb t ii/wiJl J-/»' j*J' 

0 I^_; Oyj^l j j> l _ r iJ r lj C-ij-^l ^'jj4-! otj& fi '- L ~ r“ 

t s^v-kuiJl Jjj—STwail ^Jsuli j_j*»5eJ b — « IS” i— ,_y!l iS^JiJ 

^S^J, JJA ob M Nl ^1-531 JsUJl O-* 1 s -* LjJi oIa °' 

Jj> ^ f 1 -^ 1 u* 

5^Uj iaUU SjU-1 v 11 -^ 1 tS e>— ol ^ lj 

salt J ^ 

. leaching 

, , y ^JH\ oljjL ol Warren Ojjj Cooke ilj — ^ y 4 J? c5jdJ 

^ jl^Jl syJ Jl> JbXiJl Sjl>l c* " b>_J 

._ t . “ Jb l^P i. ywiJl ol dUi^ ohyj ciaMr-l iijUl 

physio W cH fJ 21 ^ ^ ° ^ 

exfoliation ^ chemical weathnng 

.(Cooke and Warren, 1973) yy-dl j>=- itJ&J 




oli ojU-l i_jjl y>^a}\ £- yjs jj 5J — »-*Jt o-Ia _^-laj’ 

L>l j -Jl 5iL> >cJLi-l ^L^tjJl jLi. — iiNl Ua 1^1*1 — -io ^Lf- J-b. t i — * jU.1 

. L-io jJL yu UJ oUiJ jil Jap coarse - angular - debris 


^ j»a >JaX^4 1 ^ y*& j .. I. - ^ ^ yQ H d^^lbJk 4jjbJt *w*L ~>-j — I 

jL — sJwiJlj ^jjl ^SsJl 0^>S-* q L^l — ^1 ^JJl ^J»s — a 0-ilxll 

^*wvwJ>“ — A — alx >c.fl jiwXXjf LrO^-o 1 O*-^— *■ — a ^j^s-S l)1j ■ S-^llj 

^jS\ (j; jl ^gl^ygL, —dj 1 jl ^<»JJ-Jl (JJjlj — ^“1 ^jjIa — ill l)Ls . <U — P jlil 


5jL^ Si jjjL-^jd.1 ( jJjLxSwjN 1 j ^.x<>jdJ ^ — *> 

J j>0 ^Ip ^ s ^’,l a JJ'^ J , ^ U* t 4U Ajj AjiJltij jl o j— vw5\j ^Jl_ (jJ.3^jj ^>w2l!1 

jl j-^>sjJl ^>0 ^iCjl^Lvll L^-L<>-xj ^ ^Jiil c3 jaJJ' UjUx^l j oLil 

^J^lJl ^j‘I ^iSl (Y) ojj^aJl jiajl . j^jJl jl Ajli^ill J^>* ^ (jjL^SvJl 

. AjjbJl 4-J.^i-l oUli-1 (j<-X>*J jj>x^/P cti5\-flj ^'Lo^o'^lj 




: Pressure - release yy y* JaJUaJI SJlj} _ a 

ijljj Jbu dllS t Jointing Jaa> <uL^*Jl oSj* ye- 

<d>-lJlxil j\ tbusM jil Jjji l«ASl_3 tAii Jjr OjIS ^Jl a-jj — »* jl 

IIa SJljN j cUj-J j _;UJI ^LJl j sills jSLiJl a-J-I Jia intrusive recks 
-tUMjedl olx—jj^SeJl oAa ollSliN jy*— oIa (j- 4 Jl ' J l Jl^l 

■ /j\g — a aIIX — al dbU*" y° cIUa^ cl gl.ii^jd) ^Jl Ij? fr h . - .*J A-LaX— J (jl 

' g--» « ; ^ -ixi sheet joints iJUaill J—solilU cJ^" 

exfo- <_£ Jw*il jrJtixll l^JlP Jlk> U ^ iJ-ojJ! ajjsj t J>-IUxJl £tL-J 4jjJ>J 
oUi— 11 jjaj elms’ c i _ s -* l* ^_k~^ tJj liation 

. LSsJl^a AZiyf-j j* t-/lll cllS\A) J Jj^LvJ 

: Chemical weathering i-;$ tq > ft.J < i}9_>»JLfl Ci UU. fr 


y--> oblpU-dl y* JjJjJI Ujl_<j3l y*-^-’ 

, jlSjcJI JuJeA y^\ Jlj itLJlj yyj obUUxJl ^ Cjjpwiii 

mL_*mJ ^jL^_-s3i j-*p Jl Oj-Sj 

JSLta mm jftS clp„j^o pi* jJi jiL*ll U SaIp ^ j>^U 

. (_gjU-S3l JJbtJl oLL>-*j y jA mm ^ j£\ 

l^j J&> stratified rocks imUl j Jwall J^ Jm ^ oLp 

.mjlj <^111 J y-e JbU- y* hyA\ oLLp- l^» i-V" uJ Ojh^'j J-^' 

S y byA I aIaJ J c^^Ll 5 J^-S JxS Jl jJ-mi Jl ^ 

c J m ji m j. mi~»m s>jj s j'>' C 

JSH, jy^\ J subterranean 

Will c mNl ibj l«J^ ^ (Clark, M, 1982. p22) 

j yj jJ. *JU-| cJjtj . equilibrium jjlj' J J^Ldl Jj J^d cS^ 1 ^ Ji 

a“. ■■■di ■ %s>u IJL^ jm Jjj-' ^ J2 -=* J ~> i cr Lji ^ 

i^u^ij jjli esm- JA ^J 1 J ^ jU ^' 



: Solution 

• 9- 

JoJ Jj < . j*—S JSUio jsl *— 4 J J>$> -! “kj£ o-i* 

j£\ J| AjJlJl c**j & jl 1—4 ISU 4-lit 4jJl> J U>y>S~ J lj_jJUi 

J L J*j jL )J I j CjISUL «Jl iH-J-l ab* J <u5v»j f-U.1 J PH \ y> 

.ibj U Lj liibJJ Jjli j—z* J»jUjl^l ^t_w2j PH 0 j! 1 yn — I JiUJl <LJU- 

. JiU PH £ Jj <U> Jwoj b>~UP cS^r 5 "' ® y “bb^ “ULUJl 

: Carbonation I - >—> 

j— JlS" oLi J| Ca C 03 ^ JlSdl <Jj^~ J>j J 9 

c Jail ol jJ 1 — >lbil OyJ >. — ll -U — <*S I (J^Lj>- y> tilJJj 1 |Ca (H C 03 )] 

^ j>~\ ^/ISUll ^JjJl ^ jl t l^jb Jl^il t— Ut-L^P^ 

j s Jfcj i-ii~j jjJJI 0^ ^ — “ JpbUJl jl US <. J — ~~ bill bj_j£ Jio 

. Soluble AjbjU <LLIS j— " bjj objj J Ja*j jJl 

: Hydrolysis Jill JJL>«JI — >• 

JpUj i*L> j>\>- ^.Ip rtJU-*il ab_A JoJL U tj— >" ^vo-Xll 4^Up* ^-wSUJl ^Jp 

J| ‘l j— >Loj *Ul ^uo J Li3t Jpl — io I — j-3 j 1 alllj j — j^snaJl jsl — *4 

^»j. . . a i 1 7 j) • 1 1 jl w~SjjJuaj (^_j- LojJ'i/l olsUi— 4 ) aluminsilicic ^^J^a j»^__uj.l 

.pU .1 J i_j|bj Ul U/iL/? jjU^ (Jj^O Jj'illj 4-lil J 1 — >lbj yyji 

; j. / >“' ! - i 

<UU "Jl oUa 1 J P j-lUil ojJlS ^jP »jJl 

LgSsSUj J jj — > « ,», i3 , l ' t — (_ybp — ^Ji (J| IUa (jji^jj jyj>ui-l ^^3 '-- , “'^ > 4J 

. usUitsUa iscsUj 

^3 AAj Jill ab-gj (_ 5 jL..,..iiU <L_— * jib ijUi -L*j iol^jJl ij ^..all ^^ajj 
iSSiIpLwsJI jJ j»-L>i L-J.I (jbjl — SCJ 1 apIjjI j^aI ij^_>rJ| ( J sjo JL-vaJup J-SUi 

. Ui J-l 


v\ 


decayed plants <dl>cdl oL-iLxll yp aj£1jJ| a^j .,a«'I I 

AjjJ wil J*, A_JjU> 4 — >-j.S ^lp 1 AjyCL. !l y L»Ia Ijji 

jl diii -bu A^ol — s*aXol y olcJl ( j5loJ0 AjJbl-l A_>A>b>- lAjliVl aJu^J 
soil leach- iyU J^Jdl aJu^ jjJ? y subsoil AyJl cJZ- U aaJs> \ AjjJi 
.>1 jil Ajyjl <*j£ 3 y a— hj^ 3 * y^l aJ»<ij*JI oAa y > *jj . ing 

LajjJu ^^x.1 1 Iajj*x>* (^j^I? A_jaaAjj lxjLcJ! j ^ d L^ola>e— x^l_j l^xo a. ^_„ ., /t> cII 

. IgJbU- Lg^JXij AjjXll y lAilAloli AX>_^-j ^* J a«~ll jdajti ^yip J-*-*- 1 

4J^HhyJI 7T* LuJ 


1 ^ ^ j> Aj ^>xxll cx 1 Ldj> ... ,p ' Lo j^aI sci ee ^ ^11 y ^ a* 3 \ ^ L.- S - ^ ^~aj 

djjll ajjI*JIj aSwiLi xll ^j,t2 y/3 —A>- Jxc- j^IjXj 1 1 — ^ 3^3 

. AiU-l jjisUltj 


A \n . i A . S v . 1 1 ^ . ,q A > jj A Lo A^N^aL! Aj ^—^ n„ 1 1 CIjLaL— 5"^ll oAA 0 

N S .yvSIl aJU-1 I aS - y>w> jl oU Aij 
. j1jw> JSLi y d a>~j lijj iaJ^-^ l$Sy a' 

^bl fossil features 3. .y_s- y Sjby culls' L* lil 1*1 

. LgJiP i_aj15cjj yoy ybdl j^l e^a ^bU ^-bil v-ij^ ^yy ^ a^jAs 

Aj yi jl A_U>bjlSw» Aj j—£ ^Ixj ij—~^ 3 ^^ — 4 (_s® Ajy^v^l O l— •...., fli t A*jj 
ydl AjdflUxll 3 j-iJullj jy AjAjJI Jaaj ^3=uJ\ j daio c ajjU-5" 

li J& J-vS>Ull j 3 Jiij 4 Ji— j\ (jJl sUxMli 'Jt+AAJ £jk~Jl ^ylp ^-Aj 

JSCij ajjL-S3! ajj>cJI oLUju j* jix! ^dsuJl cujA U ^1 Aj^xil aLUJ cjlyTj 
^J\ aa2JL_x1I aJcS31 t^ns>- JyAJl ^L— j! ilijl UJ5j 

AyJJ _ r ^LA J\ ULc Uhi«_A ^U«^t Ajy^wf ^-kJl ^ jAJ jt 

( ^ \ Aikil Jj>wal A-U^ll 




0 \ 


X ijJbdUjr t f &LX«jUf mm 


! <uJULo 


JSLio y*y L^l a* (JISvJj ^ I ^a\ ^jA slops 

<U^XjJj>“ ^jASwi^ {y*J ^ — dllptll Ajj-wJl Ala»*. t j ^ I J^\~y- A J JC^ 

0_X& ^^9 L^jL ® lw4 Q ^** ^~ «~A*A«J| twols* U C J) 

. OLsj^AJ a-v^jJL j J^LJlLI { ^a Jj A xil aJIJ-I 





c <ta ji -B.il oAj J uxi jj — ^xw^Ji ^ ^ ja Jl y — dJj 

oN lA^JT — ij^sxdlj CJ>jll oLJU-C' L^S v_4^vi) ^^Jl JjlsUil ^8 

a — j I t J^**!^ ^ * — n .a^Iba J»l j/ J a£ 1 1 1 ^ c .i «t J^^ c !J_j»- 

Ji ^jl_pi ^ ^ y_Jl ^ ^JSdl j <, static state old iJl>- ^ 1^15 j j JJ 
^9 L^Ja -l^dol CJptjJlj 4jj>kZS\ ob-La^ 1 1^*5 lO-tlS" 4 ^jL*-u A^Jlja Oj ^-Ij 

. OJ ^ll 

: ^jjLJI ^jJLp oLll _ I 

*U>-jJj iJ^»Co ^*-j— A. ..Jl ^jJl < SrJ" ji j y* y— «aL*| oUlajJl jl ^iSI^Jl 

z\y* ( J53 jl <-ij ^*llj <• Laj jit^j J ji >■ IgS' jl l^Jif- oldl ii j£~ Lid ‘ a jz$ 

(ic-LJl _yu-diL 5^U) Infiltration capacity «_j 2iUts a^J>J\ 

0^0 I — > J JjUl SiUs> ( jA Jjl ^iail ala jlS" I a li^9 t ^lall alvO ^ /jl.j "jl L^J j*Jj 

jl J — *j soilpores dj^_!l ol«L~ — « Jjl*- £cix~Jl cj_^ U alii i_jj_wi> 

. Ljj i^>'jll al j^ll 

c-^JJ Ji <UU-I a Sa ^ 4 j jSll j y>j aLAl SjjJl oUL~» ^JS ^kx Lo J j>j 

dJ^- Ja^-gjj jliial Js iwJtP £tli jj £_jjtcJl Ajila Ja3 dUS ^llPj t alii l»l£ 

il _y>cS ^Jl <L_i jj~l a Li I juo- under ground water table ^ _^Ll alii ^ jXw» 

( _ s Oj'i/l alii (_g J. ^....J jlj >Jlj itjlJl 4jil Aj <U3 pSipr-j£ JJaX J Jjll _j>tj 


. 4_vmJ2j 


l^xS" y>- ^-JaJ I ^Jaj j t oLAi jJjaJ ^jIp LgjjJi {^ J-o AjjiSl SjSIAj 

wijjjJi ojl ^x)l ^*^3 c*sSj ^Ji\ 

. j^>wailj Si jil AjjLo^SnJ! ^v^LjxJI 

L — — >t_) IdA 4jbLw*a wdd - . ^o (^wUl j) 

. «cJjpoj>* LflUb if*J>~ (_J^ J 4jlui«l il ^ll 


<lb- ^ JLasSII iS y Li ^_J| SjjJl ^ ^jXJI oLii ya *y>- jkvaj -lij 

^jJlp aJLJ-I oJua Ji Jlkij impermeable ii^> j^s- Ly^> list J;Li U lil U 
(jlj yi~\ (^9 jjM alii (_5 ^ -. kj I y~i lo-j) £k~Jl — Si 0 l^b bbjJ^I 
. SjlJLJl Lgdj^- j jLfrlVl #li /■ 1 1 jJlv=w J uuj ( \ Y Jibi) interflow Jk-Udl 


jjl la.) <l™AJ <Jbb>- #L — oJJ (£y>~\ 4-S j>- -tj-jjj 

y» kjJl IJla . saturated overland flow ^JL_Jl <5 j-» ol^ 

Aj_ydJ L JS l —££■ jt-£ SjjjL- jfk>! ‘LLjJa a jjj—* -t*J jb^l 

. j ^1 1 ^ b ^ ^ t y**/v*Q i obfl t— «««.«. A j t j- 1 1 (Jp>il Lit 








JiUs- iaiUl L*Xp vIjAjx—jS ^^cla-Jl 0L>^4-i 1*1 j 

t^lll L*ALp ctLta — >tj j t ^Ja^Jl ^1 p (1) L> A*1 all ff-U.1 * *w~ ' 

Vo Jte-a izA_~* lil JLiLl J . . ■ .. . ■ ■ ■.»» L js' I ^ l-V-JU ^j.J-1 i _ sr J>/'j\ 

YO U ^jlll uis 4 pL~J| jX4-JX« 0 • iiUsi oJlSj ic-L* / L° 

. (Wilcock, D, 1983 r p 34) *pL- /^l* 


Rain fall - impact ^jLJL ^kil <sL j ^Ua; . 


al^-l; £r_i — ™Jl i_J- c ' <5” j>- 5JU__*Jl o JLfti J^>- ^ 

( J-si2j wuIpLsjjL ,_ylpl 4jjXJl O <L_ w^- Jjtijj ^lall k j-Jl^ s-bjli (, 


* ~sS3 1 AiUaJl k—*-* i «,*« j k— J LL ^c- vj ^ c .1 1 ^c_1 a^ c_3^^ ■ *» 0 • ^Jj 

Ll «. I y^> aJ^I — >* JJaiJl Las' yc Ja^ Jl jl5 \ a liU c iaiL-Jl I ^5 <U^lS\Jl 

oL-^-Ij aj^xJI ±\ja <5 j— >- j j$ci (oU-j:> 'i ♦ jj> j) lo> jl5* lil 


C5^i k — ji J t O^Aj A^yJjJl gL^ ^ 1-lS i ^Pxj) ^tja^vJl 

ijjUilj plj^Jl ^ JjLl iiLwo jj ^oLa - i l l Ji-^l ^1 li ^>«Ju ^1 ob^Ll 


4...,^Lo^xJ I o»«bAj) C ^ ^J-SCvw) ‘L-^isAll ^3 »x— j 45 ^3-L L — ^-L>x> 3 ^^xJl o ' 1 > 

L4-Up La JA\ oV ciUij semi-arid Sili-I j SiULl jLLil ^ j^S JSLo 


w-A •Apj’-' jj L l»il j)\ Lj jAJ i*aLL*J| ^j3^a) I ^ Ijl 

, ^ CjI^-Lw^ ^Ip 0 o 


Mass wasting w? ji\ ol >- 


ijr! J ^ LJ5Lax]| OjLLvP ^s> ^Jl^- 

AsJ>~j}j — -o OUj£ 0 J — Lj fl jjJw 0 0 J A j t oLL^-P 


“3 C5^ 


<**JJ 


JlSLii 


%j owL^J j . ^ jji_ 


f-^L<aJ ^ 4 jLj>“ \ j > bl o>LJl J ^ju ^ 



0 r ) fSj J SJi, 

iibkil l$p|yt y oliV_pNlj mudflow jiJcdlj soil creep ^1 
\ A l$J U-j^vaj' ,j-« Jjl sharp <-j jLi OlfT os j c landslide 

J-oljjJl £3 ^ ‘W Y j>lp 1 g 6 „ i O j dilJ—S’ (f A ^ys C \ ^ AY“ l i-J j^-^a (_g^_ys) 

, ^-yivJl JlSwiI jylaj ^ o jijil t£ 

; i<yd! i— s »- j _ \ 

'•y-'lyP" i “Oydl <ilj — 3J < Uy>w2-ll i^wjljyU Sjo,, ",.,.,i„3j At. U i ^5" y»- (_s*J 

■iylj I n i h vtxj *Uy^- CLjI— vL<vP l — M i* ■•■,> d-l oL^lj a...il 

al/l AjJ^ai\ iiyll ily£ ^1 L&jjJj £ _ 5 xJl gravitation w>jVl oiU-l 

oly^iyli yo JjJjdl Jyo t^Sy^ siJaj <uLjjJ| aUA JjXwjj 4jlvt>j'lll 

^jJl—Pl jl JxU 4^__>-lyil jly__vG^I l__ob>- ^^ip <Jy>r-,.v3,ll .il jllj L_vvdjy!l ^1 _/ 

■ >— w*lj jil i— A p- j iSj>- ol/! ^ jlpw’i/i ^jds>-j 5 JUv.p 1 Jyj 


vv 



: Mudflow c5 Jk)l jkdl „ T 

£_S j — >c£ ^3 dd£j j^-Jl i^jP ' jdsi2-4 ( j^) i^^^jIj^JI ^1 lj 
J-*-" LS^ 6 bJ-b b>^ 4 ju_wi Ajji^fi i__^ljj ^J) i_dJaJl oUiddl J_idj j 
l jA\j 4lL>cd,l 3ljil { ya ol — ajs> ojj-i/s ^9 <J-^"U Lgjb-bj ^ §-w^dJ 

^Jl lLLL ‘L*JaJl oljisAxJl aJJOo i (j-^J Idjb'lJl ^ys 4jjIp (jlpljU ^9 CjJL^ L> o^Lp 
lisb^j li ^ i tfu . iA3 bLSj 4-sSsJ I j^ljjiS* Aj^jj dlj>" (jb-* 1 1 " J ^ * a ' j a d-btJL>- 

(Obw-^ („5^i ^ '• *** bj | iljil d-bt3dj d9j 4 oblb A^ .,m». 4J ol d . 4 *V j^ j ^ J>v^£2 


i ^_4 A • • <u_i ^li; jIj oU- ji ojlo>Jl ^oL* ^Jlp olj-Xa jLS 5 y-Lp 

< y> j£-a ^1 ijubjli JL-jL-l jJs>Lo ^J, iii!i5 idJaJl oLaiJdl j.<j _ r _lS‘ d->Jls£ j 


. io di-l ISbyib UJJ’ill J j3j j yj j CpA^u LJlia 


: hp ** Jl oU^VL r 

dib ^ l*_-Jdi Jil Lg_j L j ‘uJaJjdl il jil j ; v< 1 _dij ^bfc—i JSbLi doJi^ 

^jLp land - slide Jail (jJJa; L iolpj tdiJb dubii jl> J5bi ^ < iLdJ ^^dl 3 I jil 


I*-*** — t dj^l — -bl b j . i *. -i J 1 1 — •~j I j »- > " f Jp j j^-t U ^Jb — a! (_5^ 





ajj* 2 

ff” )|3j 


iij jd>do (_g j>>w3 ^Jsu* djd>cj Rock slide ^ j> ^p <3*^ jil _ \ _ 1 

Al^j^t—^P b tf .4 J I >J>c_ jb | 1 1 ^ ^ f (d 

J^Jl (Y') jti j i—JLxll 5 J J — vai l ^wSjjj ( \ i J Jibi) 

wL>-l *-Up b ir -h/J.,1 ' 

l^, .• - x 





i_UUCu ^ ^Ip Cjljji C1 jI.S oliNyl _ \ 

^ jj>c^z}\ ^j£- tj£- ^cjCjj ^aUJI oLijScll ‘uL/aJl CjLj ^S cil 
^a 4l~'-'U*-*^ — f I J) J ^ f '" "" ' q i S ^ S 4 *-— fl j^— OJ^iA— 5 s *" 

. SjJtvail oU-jjJl 

: g ^i..t.»i,n j$Ja3J Wood's Model 499 !?■»&* 

iUjjiljJ — ‘■"■Si (JU'-Uu (_5® Sjj'jil 4 j3jI — wJl 4ja>-^ 0 IuSUj Ji> 

Ipcjjtj d*>S->. ^-ji— wJl jjiaj' JfHXwil ^ jjSdj tL^LJ U<aj| UaSU-j J ij 

£-vPj J^>- ^ ^ — j^UaX^I ^ JjN jlS iJliJJj 4 Jj jiaJl i 

j>lp ^wsj cS-tll j-C jL_>cjlj j^Sx—oj ^-iLjAjI ^j-*j toLijiajj 

. slope evolution ^UJl j jk ktu # jJ \ M Y 


5 j U p free luce ^Ul 4_ .>*^1 ( 1 0 ^i-ij j — 4 -Jl IUa 

4>- j Si lUk ‘uSdjtSUll 4 j^__>&xSI C 4 I — J*o-p 4 — Up JsuUXj ^zk^ ^j£* 

4 P* ^ll lU— 4j *U^^’ tt * v Sl ^j*P t U-^ i USl 4 m-)I • v. tf ii 1 SI 4 4j^>ii*, — Si Jd U*u ^Lo^I 

^A^Uxil 4 Constant ^c^LwUS 4U*jUS| ^j-t>eUl / ^1 p sciee ^LS^ 

jbJuJl 4 -Ip aJu concave slope yk> (jU^-vaU-l oLUl; 4U_> JIjaII IUa 

4>i^xj j -U-l 4^-^Jl ^Lp! 1 >upt/i ^JSCu*j 4 '■*/ ? Si ^j»w-wAxil ojUU»-p 

ilJLsxj'yi oJuU__Jl Lv-^jL^i ^c- v^ ^ xSl (0 p ojj^ssJl ias-^!) 4 jjj>«aJ| ol — U«-*J 

■ (ja*wAJ 4Jww>- ^UiLlLC 4iUM J>[*\ 




0 6)JL i 


J-** >. Ol5l» ^ ^ <L*jj'S/I ^p-j'Jl ^j^-j jJl Nj 

cu*)! Ju<j! jjl** ti^LoLSj oA>-jl <L^vJaJl ajj>uJI of _jJ t ^c- — v3 ^iSlj t_J Vii.1 
Ol <LJlsM e>jjt Cj Id l ^cJa-wJl ji AjjjdJl (J-^ ^5*1 

£t»j2 — *dl — *4 ^^*1 4 — >■ ^Jl l*A.— 1 aX o o j^iaj ^5 j >o.a — cvj 

. <*J u JU?^I LaLc LisaA^o 4^Soiil UA 

aj. ti if > L ^-L o-&$ : LLJG 

jVl £th x..M L* jji) 

« _ e * 

: oLuu 


— La ^ia^j J» jA — t j^i j»! £ jJSwo jL^J'j/l j IJ u 

iljil Jt>l5jJlj Lf»L5j. ^Ja .t J lj l — ^ jI Jhs ^1jl1slv?L) c-v?xj oLLai jUxa'il oLa 






l^Jl Jai La oUujJI villj ^y Laj pI j a^kpUI <_j^>r^!aJl 

\jA ^ r . la ,...l l Aj1a>- j£jl> L_^jU OJt>-j <1)1 A**. dall obUl y> <JL=~ 

. (W • AiJbixIl SjjjcJl oLL&p 


aJlSCJI 1-£j-J-\ iiUaJl ol (Allison, I etal, 1980, p 47) jj~J! ^ yj 

<_)1 ^y i J ^ A9 b ^». i Aj^Jl ^y 1 A*3lS" ^ *> 1 ■ Lfc ^*«tJ ^jli la a^)i 

oUj_)— *L (JISvjjj jA liUjJ a>k^-Sj iIljJjsxj Lo t j£ij ^L_al ^Jl ^ N ^Lajj^I I 

. Ajj>-l)Ul ijyd\ oLLkjJ L^JUjlSl < — Aj_yJl 


aJ ^ jVl JSbiJl jl^j’Vl o _y5Lj JJ (^L^Ml ^k-ii k-kbj 
<j j&i jjjbwJl ^Lsij'SII ^tkvJl <1)1 ilill y t£y Sparks jk*> 01^ ojj a ziy^ 

y^ <J ' j •* c- £j O jLajj — — o.ns<a)o La o^lp ^jtil c— A-*> — kl 

^La ^ JSbi ^ oLAl L$J ^ ji lJI W-jH 




y> i_j jJil il aJ U a -kb~zll ->lj LlS" AjLi kl jj ^ U jSb LSj 

^jlp <l)ljj-A-l j-' — ;JJ t j^Pxkvu <l)bj— >• J5L ^ <—->1 ~'J ^jljjl <=-lil <1^-9 tAj__ r -X]l 

iJ a_JU a5Ij JSbi y sheet folw Lslkp kkxllj jLkNl k%k j-jaJ' 
OoxJ la 5 a ^.U~ ...^I J ^Slkidl CU>t) — lb <_Sj*) 1 — 4 1— $•*<-■ — kNl ol — ?— 1 !_y 

residual ^kJl l Jj> k_Lxa <w~-I_j £ JU ^il iSjb jjjkJlj JkakaJl 

^ y <__jLjo U S:>Ip l^jls jy jtk ^jIp ,^1 oLH Ul deposits 
JaJjj t^ylll J 9 J— 1 II atajj liOii A>t_fjj (Rills Jjl-t>-) ojJt — 0 olj^ 
oJla ^ j_aj j c ^ySlkdl jUj-Jrl y> j-£\ 1 _ 5 1p L^jjJ-j o^bj <ii! J j 

Jl5v*ii bAilAJlj UoUjI Sibj !_y A-lvVl I — JjJjCj kill Jjl-tkl 
i)ijVl oJlA Jjk> la ■ " jlJ tlkllll SLaJI jJ— 5 >xAj t<_-jlj-J^I 0iA_>x — a kjl 
{jA ASLk. j£kJS, iJs-wijJlj headward erosion JpUkl c^Jb 
. ^ y*^£> J)\a ^~ky^ o* ‘ Uk W 1 ^ I-S 5 ^' 

j-J> £y-LJ\ ^yk oj-9 il- 5 'y e^>kl cj LL_aP <1)1 j^dJLj y^j 
ol Jal J Lfv^Lsailal Jl>b>- y> ^Ja_~Jl AjU^xJ ^Jj-^. <_^'j kLJl olf-UaJilb 

-.j ^ l _ r ^ l \ } J\ y ■w-b-' 1 tf^« V-ik-M a-j-Utl yy- (*) 

,y\ yH\ y ty y <-jjyad\ yy t/l'j "M- 1 



(' 1 ) f&J 


cJl lM Jr* JiiJj b-^'jAs 'J* aj" ^Jbdbj Ja it 

• J 2 ^ oljJaS J*Ai ^w~>sJl oU,Ui-P Xp 4jjXlJ dL-b: ^yt j_jJbL-l 4-> ^ b> i_*jbj- 

jt .^^Uj Y*fl - Y 0 ^ (_gj^J| Lg-Jd*^ ^lail ^ A...O S d)b jJbbj 

. ^ybJl dllai ^ jJu £ui ^ ^p L y^h^, 0b_/»- L fs- 


fcM* 







3JjL— J l 4 — o>l~L<kAJl jl_i Uail j jj ioj'j/l oLSL-— i ^j^aj 
j^}\ ^1 ax: — ail AjjixvaJl ^Ijil a*UpJ ^ — * jJall ol job JjajL Os»«jj *ij£- 

Ol a- L*M j . ^y> SJjJ_3- Js»Ul jljjlj *bilj jjiaj eJ c-l.--.tj 

jjlaj j-~S oLi LgJ i-jili-l (jji oJl>aj a__4jLJ| oLLjJI 
yj> JaAS /. 0 ji UijP La lil j--SvJl oLiJl ctUi i g rla. J l ^ui?xj ^ j ^yU.1 

. Aolll ol jdlJl -di-iJ (_ 5 ^jjl yfi I <L>~L~a 

: ^It l ftLt — 

: Laminar flow jt ( _ y aJiJ| jU^I _1 

oliJa (J^-a ^ l-b>- 4lJaj AS' j>- ^d c5 >uL,iall jL^sLl 

i_r*^ dLj^l 1-tAj t jj^a^Jl I — (jji i_-sU-Jj ^--AtJl ^wj jl A-Sl a oLi ^ j\ 

A-'-aljj ej® (“.**> Nj Oi>xtU jji ^L-aU _ UjLo L jS’j US' _ Libs 

^^"Vl J ® 4 -^-IjJl A— —Adi 4 yi ^J^Jl i aa **■ 1J t Ajl-Jtc- 

• Ott ^ dW C^jL) 

: Turbulent flow ^1 jjJI jijdl _ <o 

£jl ^ AP j— ; _^Jl oLi Ajj-Jau/La AS" j>- JiOxJl ^ £jj| Ijjn 

eddieS A-$lll iOLal^*bil yA aL— J — A a ^d t4 — jLJ| r £ jL-at 4jjb ^Jl JL>-I j J^A 

• -S^Jl j^d-bJl ^d A-S^-a A*i^-bll^ AjjjDI 

jiJdl J^ajj frictional ^ISo-Nl _/Vl o- , ^UJl o y L-c-^Jl JiSj 

• j-fJl dj^ 9 JLp bJ-aj oliLd 1 _— alj^il J-aJ>- ^yiljJiJl 

: Velocity ^x)l alo __p- 

(_5_/>ll ^1 — d j|j>aj| J^d ol j-_*dLI yA aJ — *J Jl aL_a APj A J\z 

LfaJal jl-L->cjNl 'Xruj t load aJ ja i-\j J^lil t~jbyy 0 ^i\j t oUill Aj A 

J*-1p jJ-> *JJ y*~ AdJ^ 9 (_ 5 ^J Atal^Jl A—9 QaJl aIvL? 1 ^ yA cj j_P-t£> U- 

oljl a . / alj aiJ-d iJlSO->-*i/l SpLj j ^ aLtaJl i jI_^>- ^ j>Uati'yi 

l»ap aiLj iil5o-Nl -dl^jj La o^lc-j t jLjJd a__c-^-» ,_jLc- tiUdS' _^3iJ 
AjjjlaJl i-. i y a J ol^XiJl ^ Jit (iJL5o_>-'ih) iJAj i^LaJIj I — Jlj__i-I ^ j»Ual)Nl 



JlSUi'SlI J I Ji! L# aJL_J.I £*kJi\ oM dJJij semicirularc channels 


Si j U*-, _JaJl <05111 oljlaJl j*Ji * — a 01 jUu^l J 


•iSjr^ 1 


. ^SOJl 1 ^>U» a3 

: Jk >*. - 

: ^ Jl ji — t 

jj ya oULl aJU^ U £« £li!l Ja^ (J^U- y a 4j1«-aJI s j-* 

l ^*aA~\j JU ^jlj aUjJ. 1 oLll 0} <0.»., -> - 8 jjPx^O C-Xajj £"1aJ| £j^ SUlJ LS^l <-S J 3i ^ 
^ y*~a lJ J** deep gorges aa*^— p ,jpl^>- d-^xdl a O ^^j 

ya Ig :1 y^~ 0 j&j ^jJt jl gJ'Jl aJU- J Jl c->«dl Sj_Vs j^JU — ^> j <■ 

jLxJl ic- o^!j 1 «-iSb 1 aJ^LjjI As’^kc- J ^Jl ap j"' /*jj * JLoj 

iobjj aajL-JI <tJb>- ^11 y> j »Sl JSOJO <jj>*^a}\ olli ftllj t_^ulj jJl CjU<pS C-olj 

. jS I cu>cJl ^Jlp 1* j*itj 0j£j ( JUIU_j jUxJl ap j~* 

: ( _ j <Jj j x^JI J*i J! _ ^ 

o* gfkJ { ^ > ^. 1 — *m<1j y\ aJ — plw> 0 j*Aj j.g.~. J l a La J»LS A» J — vOAi 

t£$§l Lc « wil _^=LI j 0LUj_S Lg-olJia^lj aJLJI a*pL<zJ| i_^*I_JIj 1 g^lJilwal <dAJi 

£jl '^-jj ‘ J^l bb J-' J (‘b>‘SM J| 1* j-^rj If- *ijj 1-4^5^: Sibj Jl 

. J^o^AiLlj jjjjAJl y> L i_^«iljjJl bJp> j»L>*r~l 

: Solution s- 

. f 

pLo A-xJaJl i_jj jlill J JUcJl A4 >- j ya 4jT 1—ij J*l\ ya 

Laj_j 4) Jpl — -»J iljll oJ^ij C All J» Jp jlgjS/l ttL a 0)J t Jj 

. •ilji! JaaJ v— oLil opLa? o^L j J-G’ 

bogs oUi ^-. — a jl obtwi J cSj^ (_ 5 ^ J— ^ Jlill J- 41 

JCoj US' ti-lUtdll obUJl AjjUi aJI ( jU>- , yi j 0 JL~»S^I Jb Jaiib 

^ — 1 1 --O OJJ-\ — S c Aw^x^ cijj b 1 . ^ ,^ I °b p u-aI0j o! djl^-JU*U 

olijj Jill y> U — r-Ml J-*' [£y£- (_jl 'J I oU« ( J A) j g — j Aj^i-I 


a 



iljil u j_JL o j>t > oil j-Xjuj i AjIi^bJ SJULJ oLijjjSvjj 

h-Zji L£b> *j>~ J *LJ jJM fl Lj,l iia-xl jJ l^a_ii*a LijX** v-d dj oljUJLi idL/tli 

jpxj Ajldil .>1 _^ll J^a wll J AlaA*j La jjjb Jlill — u» < _ S L>«3 t jL^j^l «Lx 

cu>=Jl_j 4 jI3)/I oJpL* j ^j., 1 l>-i jX IdJjjL o jjLJi jQ j jj*Sjuj t ^p 0 ^da \ Y "l 
^ jL-jjNl cJl-S - liJUJUj cd^_>«_a jij& ^ corrosion ^jUJCJl 

^xJl lAjjUiij iijl — «1L AiL_aP aojI otj^ j-'— *1 jj— '—' ’I d 

(j^ 1 oLoj^j ^ j\ AijU Aj jiiyJ oLjoj^j oii JjJsLa 

^jlil J _jia ^J| olb_^J Jji JllaJLI ^LiaS L^lli>-tAa adftj 

^^-4-1 _^J- 1 obj5j J^U- ox_JJ <ipllai) Ui a_jj nubia sandstone 

La* tS^J Ajjj-d-l ojUil <L*Aft a»U-I aojVI a!_)1 ac iddldSj 

ii—y^S’ jJ — o ^jdl A_da jil S-bL* H i l a ^sUii. li jis (_£j | _jj 

jXj ^^xJl 5Jli)l j^a ^Ip L^jljui j^»«J jlAptl'i/l Sjjjui olib>- cdi ^ 

. UaP Ji! J ULJl j£\ 
: 4 h.jut)^ JJLLM _ 

<U~~xJLj ^y>-Jsi\ j J}jjis> t jP (L^Jj-aP-) l$-a«d_jj J-Ab jI^JVI jd*J 

AapLJl JaP- l L^)L*u# <J^jis> ^jlp *b-dJsL-l jJJ 

JJju IXj C 4 jI J a <J Ja^>- JSLi ^ AjIi^AJ aL)1 4JI j^p ll*Jl I oX*J <• 

<Lftl*a AJbual^j Aj^a*i>til A-uUjiilj AjjA>iE^AJt C-jIxXaII |»ila*a (31 0 

Aj^iXa (JljlXida C-J15 al j~»j c aLd.Lj 5 j jaAa LftJ^>-j 5jL>- L^Jjj ^ /.t ’ djub 
jLj AP L^a->*>- (_5^ L^aUaf ^LaXAJ L^Lft) (3ld AaJIp Aj^a-^ t-5^ 

• ^ L) fill 

: (Bed load ^lill ttj**-) ^LaJI JU jaJI . t 

rolling ^ ^>-Juil aLl^I jj 1 g 1 aj c L^jU a ^>* ^ v .«j lj jJ! -Uj 

l(j .aa.i Lg aljjaupl lmmj Lft^vi^j j»Xj 1 — q 2>- y>-J — ! A?xXoj c j — Jill ^LS d_jl> 

. attrition < — v*aljjJl i y > ^ L-^Jp ( j .L l aj A^LjlSL-a AdaP ^ ^4* Jl 

: Saltaion yuS 1 . ^ 

A«i JJ AAjLaJl ^ L»>tS>- jAa^l L^jb AAljlaJl “d^j L Jt}\ V_a*aljjJl j^w 


: Suspension jLdl JiJl _ -> 

■I JJ Igj Ju-ai ) j <, {-AS*>- lIjLjJ-I jk . stfN A—^jJb JjUJL JiJl j*Xj 


oil ^Ijp jiAJ iii 


ptajjj j*— *?• (_ 5 * Alwi-Ul 


:Solution Sjli)fL JiJl - * 

J jJl JUU cl^P- Ait-Jl LSCjlSCJ.1 ( 3 _j-lstil ^—-P AjjU-S Jjaj Ajjj^l> -Uj 

. LiT lj jZi US' aj!S)/I <uj^laj 

: j ^.i.M 4 Jg^>» jMLbi JJLu»$ 

J*5U- CJ^/jUt-o O-C -Us t L^-uLi Ajj^v? jU'J AjU ^liJl aJ^vJ- a~— JL 

jv-Xj J*j 1— ^>l°l Jt -S'I jXj £t-» — ~J lw* ->ij jl) -bUa_ « J-«-P 

<u^oj ol ^^— xs J!>U- e-UJl ^^Ip ^JJixJlj i — ^— *^> jJl oM-Uj> v_j 1 — ~?-j l^jJjjj 1 — £*9j 

. aPj-l>«-a 

aIjj*- ' i/L jl jxJJl ^ j»l j>x_--Llilj ^Ui U SpLp U)l — *Jl aJj^J-I Ul 

( 3 j_jJl i—UAji iijj- 1 , «L>ll y cJ^- s “ j*xjj *p.p.m j _^-lll 

Oj J AjjIaC jJl i jA A-ftUJI * — >!— .-»> • jvJo UliS -Ajuj t U 0 <>jlj>* A^~jP JJvP 

p^ij a ,j.» ^-L_Uiw-j rtJ (j-J* j cijjJ (U cS^I Jijj-il 

; aJIxJI aJpUII i tUJ-l 

j x cu>- jUi-u| (jill i Uj jJl Ojj 


l S\ L I — JLj f-lil A— p 


'j_P' j£y 


jvo *1 — y (j- 4 Aj — *S" j>* — J J^l>- ^jA tgjl — 9 i)lJi.l pi _jlt to! 

. ilJUl J*e\^x}\ j £^*)La)l\ Ujj Ji-Xj AilUll aJ j-«A - I L^SxUb jj 


Paris per million J I jUa^-l _ « 


: Sx^LaJI JJJ fcLh.i.t) 

aU^ Ui> \j-ju6 Uyui l$5l j>-\ fjsuw J jlfrlbU i_JjJaj| oUUaill 
t _ ? U LJalX* jS. L^j! LJJaJl CjU I kiU j>UJl _Jiil y jXjj <, ^j j 

JLdl (_ 5 -^ JUXj ^UaXjl |»Jp <J>L« i_**all UjlJLXal J jJs> 

5-^Uj UvaJl J| ji»La J rapids oULu* ^ I*, Jajy, Uj JjU-I j 

'-£j s >* l_S® CjLUp Ujlia Jp SjJill l^J { jd\j iJ_ptXll j] ijjUl 

tSj*"** <ij* LfJi<w J SjjL L oU jXi J5U1. J _^Jl 
SiLj iiJJi y uti y jJS] Jl <u_~JLj iSj-^A I j~_s & Jp Uj 
tU 0 LUjI o*V^Ll1I JjJj t^jL-J.1 jT oUkxdl Jyu UJ jlj-i ip^ 

' ^ V' :’’\' j' 4 t5p$-*^ jl_jJ-l ^UixJl j»J_p ja11x« 

i/ ‘' Jr^L» ^-Ij) base level sopU!I j ol Ijj 

.(nv j -n 


J 1 ^ ul ySU j *y j^JJi (_5jX»J,l j^j SJplijJl (5 U! 

. Jl __^J| jIJj«*jI Jpj Ijl U iJU- J <uj| Jj^j^Jl «uSU->j <Uj> 
. sjpUJI oU^Uui jU jj iilxAj 

: Ultimate base level JtfJI J ^IjJI J 

iJjs y>yjj Jij ^kva L gj_Xw 1 ^4 bUi Jjf IJla £ 0 jj 

4jL/j Jaju j, — 1 y j JjxSUJl ji J^U^jjVI Jsjjl jl ^Lil/ilL j^-*xJLl 

• ^LJl J a jJj J JjJJJl aJaJl Jp cJUjI ^ 1 J ^>| j^Jl 
: Local base level ( _ S L>J,I ^ 

^ .■k t .^j )J jl^j^l <ull A>«J y (^jiJlI 11a JJUXj J 

jl ili jl J^loJl jxJ UJju ^ l^ojol JUxj oLu-V j>J>\ JJ jJl 

jUo o^__w>xj *uL>-|j 5 j__j»«j U^jI X««Jil IUa JUXj J tj aJaj 

0 J j — J ‘U~*Jb LUx-o sOpli (_^jX^a Jx Lj j__x5J S ^>0 uUJLS' j 

* (JJl ^jX^ul -Jljj Jx jLgj'ill ya 


j\ ( ^1 jt-flaJl 0 .J — pIa)I da — L^i-X^p^ 

o>aJJ L$_*iJj bt 4_Jj ( _ j ! ^ ■ . " *J ,_jJl jl — £j"Vl (^ i^jl—S” 5iUp £j _ j ,_^»ol Jl £A>ji 

* 9 j^j *• *a £*Ia]I j — i*J. Jj*-bb! * — j ^ , — c-4-^bxJ Ul j— >tji ^ys 3 * a>o j 

^1 <jjjaJI oU-jJd! 9 j>-j U yolk* ja yJlj rejuvenation yLaJl 


cLUJ5*j c^jb-w ij?* 1 — ^ bi-A) ( j£C t bb bi — 1a 4^jI>- *J1j{—>-j<Xa ^9 jgb>i 

J jb t _Js- JjS-J- Jai j! kniek points ^kSJ .ki; Jlc ^yJl o^^LaJl j <_bLsL| 
. SJ-plaJl (_j jlv^o 4kj y> cblS” lil U i!b>- ^9 liUij ^Jl i_$ 


J ^ ^^JuH LfLyyLff 


River Meanders and flood plain 

>* U <_Sj4^ ai~_>*Jl olyi ja j$iyo cjj ^ 4 jj^jlJI obbJl UbJ 

*-^9 ^ (J-$~Jl 6j ^ (^J^-^Jl 0^ J — $ail ^’- 6 jCj b*XXP LJwJj L yS" ^wjLb. 

• 61 JJ Oj$Ca 

eiiLa^iJ (Jj'n/l oLJl — ii 4 — *Jb cj\jj* — ys> ilk* <1)1 ^JLlb yj >-j 

.(nr ^ i mr c^u.) ^i 

J — $4 br” CS^* 1 ‘“"■^ (_jJl dkbl CjL— wuL_a)Ij O J 9 j 

CjLdl ibu! <objj <udl (jlkj £^>jJ ^1 ^ytil ]| 5j>Lj 61 

. ( U JSbi) meander - wave lenghth pbil^i J 

^UJi iUj UJuL\ oljl^JVl 61 VJ b^Jl ^ o^k! ddiS' 

• obxdl 6 jSi J^ju 

(^1) ^jbll LjJU- ^ c^Jl 5Jk^| jj oUl!l 
i^ll oULkiJl j <_J_^J| jjJ-i j\ j^i^i ^ c V a^l ^jU-| ^ 
^bUrl ^UaJ! J6U ^ opL- ^L. jlJ aJ js J [* J3 > ^^J| 

“jr-t SjAlk5 Ujjisu Jjs. ^bJLjj tc^Ji jJLp LdJ ^^-jbt-l 

C l, 5 ^j ^ ^ u ij^b j\\j ji^jbu 

J5k,) ^J| ^ — Jl jji Iy> IAj Ajj oLaiJl jlk ^LJl ^-jl^j ^__gjJl 

.(n 






down i wall 4 ojIjJI a~JI :L| s Jl ^ j— ol — jwdl jjbo ^ j 

o jLjju Sjj_ oU -jX> o 5 6 ^_>«^Jlj lJj>i stream 

. La! L^j jt^Aj obill ^«XvJ.I j^iaxil ^Ip a^., a . ' yiA 

(JlSL^i'l/l oLbll ^k ,. aT L^*s (^xJl jIauJ (_^1j L-j v«jj 

, l^j aLlJ ^li 

^j*P Iac-o 4 A -dw’U A*~Jl A«3j jj j la i A^L^-^ll oU-A i>A*j «_ I 

. Cw>cJl 

• l)L^ua5I o! <J^L s>- Silp idJJi t^jjA>xj(ijjj>- i jjj£jj Ls jJl ^Ua3l _ 

3j — — >• A_liJl ^ — LaXsl ^XjL^j (J jk (_#^ >— >Lxjl i^ja__>*j >- 

^Xe-j (_$ Jl (_5 _^>J.I ^ LgJLa — ill JU; L$aL» i -wsi ai ox - bow - lake aJ^U 

jJ-g—Jl ^ . la .o Jj j_ s Vii -jwi iJbU *ulaX« ^ylj Ajl jJl ^.J-pxX—J oLlL I g Ti .ijT 

(J~° 4_JwaixJl Ja5lj_ji-| ^ jjZ. Sjl k^k>- L» J a . T A_aiJl <bbb j t_i .all 

IajA? e^iLiill oL*>Ip ^ ^5Jl-'l^j j^Jaj ^yJlj j-»a 2-« Y o , * • • ; \ 1*51 

I kdJol J^k ^1 p C^Lall j^iaXj A-kj^il eb yfcUaJl ^ja 

. kLoj JuJjj ^p Ji 

CS^ - ^ — *-~d.lj Aj y, — -~j.l (jkbil l jp OjLp j — QS \ { ^/AJl]\ «J| Ll 

J J-f- 51 L5^ ALJ_»eJ Ck^. Lj\i\ SUiJl 

k z? t-wl^Ll ji blk t — 1 Jj>tj I o,l * c oUsuaJl obi (iJLbj a^-* jj -> v . . y 1 1 

Lr 0 V^cs* bbJ-1 il jil ^w, yj ib->- natural levees v^LLJl 

Jf~d' i “Jj* L5 k > (ydaj bx; j^Jl (jk-k L \j-iS j t ^Jl 

(»-i CjLLj^ £AJ I. A>Jaw (J Ip l. g . ..^Ijj J j 

.^^-k-kl J*~Jl jjkjj jjSk 

bl^bi U_>-Li ^ a aJI JJ j — >Jl ^Uail! jb L lijj 

cSjjUil oliLA-l J cj! a* a^Ijj o jSj ol ( >Sbj aJU-I oJL ^ 


j (Ills’ l _ 5 xJi jjl 0 ^*Cj ol J — >Jw 4 j oLjl — Sj cl^s- 

ji 4jjj'AJl O Li 1 -sS^a ) 1 ^J-*j4j ^x)l jJl jSi l o. S LgJ| oUajciSjLju aLs- j^i 

. ‘UisAflil 

: Braided Streams Sjjurt .tf jL £>¥1 

s ^ (J^J J^- i_s^ J iijJ C ^PjaJI J ^ .* 1 1 iJ^Su Ia^L^ 

C ~4j.ll ^^4 ^jSvoJj t 4j j.. . ... ji_S"'Vl 3 1 jl»lj JU jJl p l- tf . l l 1 ., * - **ljj 

^jSloXi j*J ISli Sj^jSsJl ‘djA^-j oASljJl aL-ip jk» J!>1>- l j^> a jit; 4~JL>- ^^JLp Jai-yaJl 
<~jl« a LI _^-U j — $iaj Laj caUlL laUJ j^-*S j! jI^j JaJtviSl 4 »jt<La iwJlj^M 

g-li ciD JJj t ^ylll jl~Jl Ljj*-' bars auLoj j>-l _P" ^ Ajjioaj *L*-oa 

<_9 c _^a*-JI 1 ^ ., a3 ju £a> eiJjO ol jJ^ ( J5 w> o ly a~a. i l ol ^ j^jJl 

Jwl*_0 UaJT LU~**j j — O’ JSLlj .il j ->£. j ol jLiJl oAaj t yin JSLi 

. multichannel braided pattern ol jXill 

, ^ 3 oJl—S" ojj oLy<<j^/l Lft^j ....»»■) jl^/b/l ^jL—Jj itojJl ILaj 

(_3jjlidl ^.-^.l aj j c JiUoJl ilL- ^j> 0 j£j jl L-j LL m LoiJ <o*oj ^^xJl jLyjj'Vl 
t _ 5 4 Lg—olUS ^ — ol jl ^yi’jVl ^ aLlI O j>«— y Ia.5 _jw (_yJl ‘Lo^-LS.I 
4j^..i f3 . l l 4.,...., 4 1 jjjiaJl JaJl j^-\ ^4 l ^ ..*S JsLojJl Id-A 4 4y__f>ljjJ| ^tfl^p'Vl 

■5j^j*S/I L-JoJl oij>-'Vl 1 s jJ_jJ j^xll o , • • • j ^ • , * • • ; ^ ( jwl2_y» 

JjiS jj>-j o»>o Lcj (_g ioJjcu ol j^i ^ ^ j-«iJl ol jp%^ai\j isLA-l 

(Of A_wyji5ls>-J 5 Jjj-ol I jl gJ ll/l l O-J L„ gj J>- ^j/LSJ A4 j 4" O “ULyS 4j_J U 

. 4ylyyyf jUflyal da ^JLyf 

J-aIj j» P ^y^iJ ^ l— °b“ L—Ax^Ai [/>J^P O^IjJI 

, a ll ^ ■ ll 0 r ylj U A. „ a.fcol^^Jl ^J^rO-^* 

flocculate iJUL/li^ jJb liJUi SiUiNL iJ-llI j->Jl «L_3 J-ojO'j 
eL~* ^ Jj>waJl ^ J&~-! (J * J*^J bjj (Jifl dbii 


slut- ollll 01 Holmes cSjiJ 1 ^i?L*Jl 

JS\ oL^> C-jIS Ju c IxJjJl J^c ^9 Lv^Lw^t I jk/ xS 1 -Taj 4Jb JjJ.1 j\ ic 

LgjU _ iaJbdl ^1 jil ^ oJjljJl l J_ ja>- L> j - jl j > J 8 J o* 

L~J SJuaj iiL-i SiJjJl i_^lj Jl I 4 ** iLU- o j~»JI J j>JI ° J J~/l iy> j*> 
i_~-l jj Jl , 5 j-- JJ V j turbidity ^Jl. jLJ JSLi J dJSj JLJl Ja^ y> 
Loi JJlaJU aJU^tJII SjjJI oUll jli ^JLJI Cols' U 111 Ul tlxJaJl u^SCxJ cCi-l 
JS’H I ^_o>JI J <£ j>*-^\ frill Jji e i j~-S oliLl i_jL~o 5 — 2 JUJt l^jl ^ 

<lSJLhJ| il Jj C-o>- ^—w— ~ll j JbLl jA Lkli® JJ^l 5iL»J.j j£\ AAj^j iiliS^ 

, Ls^ww>*J aXOjs 4j 


CjJb-^j <-£■ y Jl Ji jl ^yxJa-Jl Jill ob^J-1 1-1* J« J 

J5CJ i\j-A ^ LJl> accumlations oL-Sl jj '~ r ~^\jj <*& L -r ?-^ Jl 

oJLft jaJu LoX Pj L jtJL*ll <S.iJ>cJi CjIjA 9 JS-Li J AjjLi-l oL — »U ‘b-tv’l J bjCv 

JU-U 5JbJb>- Cjl yi JSwCuj Loj>iJ>- ilij ijjjjJl CjLloa* — all frlol oljb <wol J^-l 

. bird's foot pattern jlkJl ^ Ji <ci-> blSLi 

f-bo Jilp JlX_J> ^viodl J-—-II cLU-iSj LajX < _ jS — 9 oNl-ill ol JibUb yJs>-j 

CjL *S" C*o>- 8 -tiljj (_^ip jl ^ Jl j^Jl (_J-P CjLI J-Ij ij-dl 

scull Uju>I J i J yCj U I jj£ Jj t oVlaJl ji isUl Jj lPJj br ~olj ^Jl <y 

CjL Jj (j; ^px^-Jl Co>cJl o siLjj ^-1 j^l (_^l — **Jl J J& l _ s l fi 

. j^Jl ol~« £j> A»ilail t VwJ Ijjll 

^ ( 1 <ilaCQ Jj 4 oliJl i^^ol j jJl «C>..„,S ^ JJtaj ^Jl Jl ja]I {y>j 

(— ■ *L«mjI CjI — m] Jaj ^lllj j — JJ jj JaJl ^I L J . l l ij Ja CjI^— > cjl 5 y — S j^l 

frj-l alia; — » J cLLM >_ij J dUJl^j t d j »_>- ^ lj*^ >■ Jtiaj 

<Gjai ojLjj j— Jl <-i joaj ^Lj Jp j — Jl I JJ.I J-*j I c <,^_jl ^ J^^l 

0 y — Jllj CC — jt-l i — ^u-ljjJl Jil ( J 4jfrU_S SiLjj i»^-jIj J l lIJuj^j Jo >• J-P 


jX CjVJuui I y jJzi , Jl L*jji bJb-bJl <JLJl 

C^iLS" U^> lib ^Ip *Apb 'il jl-i>uNl *X>A*i ^g-j L y aJ l Jj>-LvJli l IftjjJaj j 

i_jiJl j£\j J < uA< i_LL!i JbJta t<toUl S j~5dl ijL* — p^/I »— iolisJl i_wi \j ^Jl 

J-pN I «»— j ; Lib JSb- i ^ j estuary Jibs ^ j w> 

bjl^-o ^Ajjs>cX-j jLj jjjAj »t5l^]l 4__)jxd! bbL c_vjl>tj jJp-1 **U ^pju^sJI 

Js^-L* jl LLa~^ 1! ^JU- *wi— -bcdl *cuLi_)^/l ^J^-l^bl Ul c ^j>-LvJJ 

oj> y J-bl bb J-^-L* jl Lb — <bbl (J^-Lo j ^ J^dl bb 

l5 1p s_ 7 ~__S' oliLl Lj_ »wJ bj Lx! will l) Ju> wIpLu L^jLs (JLxJl ^tsS>~ 

. I ( — >L>- 


arcualc ^il J^LJl *^1^ oj^IuJI l a-b^iP Lp! j . >1 o^IjJ! L>-l>j 5 

^j^i^Ji ^JjL« 4xJL>* o — ^y 3 ojk^L j L S^Ipji c Ip ^w-~w>4 pIjjVI ^5" I deltas 

O^ljJl j t Lltaj gJl£)l Ixtaj J-jJl j t*l wa^-l j 

ol>i J5bi ^ ^a> £L»a w-bj <>* 0 J^b degitated deltas 

eup^eJl oLIap j»l *1 l^bubcj Lkplill jj>x— * a Jl b>jbL SJ-i ^-j^ill <bb 

i ( j ^^jdl l^J!>L^- c j'^jA*i 4jl*«jb 1 1 yAA^«^wl.l L-sb c c£i$bl 

^bl LgSbaLc j 4 ^ c. 1 *. 1 1 J I 4 ^ jlia SJ ^ ^ j * — J I Abbs ClJ 1^3 

. f y^w^wbi Ld*^ ! s^> ^ ■*! I i- ■ *. ^ &d 1 ^ — ' bb>p 



_^_Jl oUb ^JLsb JSbi b>-b jd I estuarine will o^l^Jl j 
^jwJIj Lw-jj y ^>j\ jl_gjl JJU submerged rivers s JJA bil oU« 

Jio 6Jb*rd*l oLN jJl y J * jbJl J>-b«_Jl jL$ll libJbS’j t j *>\ j _& bJ-^j tb 
. ^^i-l t jwaJl ^^Ip ^.jjSbli yj bli_j 4 UjjSb^b- y j 

: ^ t Alluvial fans ji c *f>*i 


(3^-/? cJ-^b l/ ‘-r'^'b i>* e^L-^Sb ’%*-^>cj> t _ ? L~r ^ ^ b>xp 

yiibXj AXPj ^ c)ii i ! j j—p-cj jt <tvaAixX« (Jj-^ — cJC^b^ 

~np b >-j y> (J— c5* br* V^"b J! ^ tyb->>3 J5b«j 


Ujcp alluvial - cones wtwi. !l JajjUxil l} a>u 0 j&> ai U 5 4 JL-d-l ( j Aw3 p~ 

. 1 wCCmO 


jl jlwL>«j'yi i>-j.i ^ — 4J ,jP ip J ~ jl 4 _ a ^ w _o J 3 j 

. fjj'jl 4 s-JjL\ ^ (j^Jl 4 oUl 

jJ-jj 4 P jil» ol Jddi <_5® (_j® J — 

jL^Jj 1— ° UIp 4 cu>icjl cjI — * i^v-p ^Lol «... *^p idjl^iil q~La 

(_^jl ^Jl ^9 ^>- i>-L~a £-0 (L_^>-Lv«^>) <c>-_jjil l_~...«i lea j 4 

^y> 0 j5ij L« ULp (_j*J (_£jl^Jl ^JLpI ol (■$-■ 4 ^ 1, < ■ »«i j ^J l 

(mudflow S-CJ3 oU_iwb") o I jLfJl c-Jji_>- U IS! ^ 5 (Jj 4^5! jJl j_, 

<U_J. ja]I (_y® £-jl jil 1— w<lj L— ».v.ojj IwbJ-^- IjJ-^sw *- ^ ^ " l_gjls 

oJLa j»Ux_dl OU \-~~a^ 4 -j>-jj£ ( _ y ^Cj ilj ^ ji_ 5 'l iili* Oj 5 o'LoJUpj 4 A_iLsLl 

Jwiaillj ^Ij) Bajada bl^-JL ^j-*i ^-jl ^ll 

U \jJS * t . . vL aII ^-j! _^ ll jl _^S , JJL» . ( A _ AV j_yp 4 ^ < \AT“ 4 l_ iSjII 

L -^>' SApli ol^ \-fr>jjia»- i>-jJ ibjj d y^\ jUa^C}/ ^y> y£ 

4 <ujiil *Up tijJjtf- jUa^-d! Jil la^o Sj ^»tvaJL) 1 g a « U ■ .. (j) ^xJl iJjlll ol 

. iJ>lll sLaJI S^Uj i_~~j 4 iUij 

; Drainage Networks jy&Ji uLj>«aiJf e,i c. d. 

JUi A—^j jslcl ^1 jSwJl J^U- ;y> i5j4^l 4 _ij J ^ 3 _ ; . l | ol 5 wi 


: Dendritic pattern Ja+ut - I 

i^jUcdl ‘Uaj'^l o^-jJl 4 ljtdJaJl oli jkUil ^ lujJl ULa to SjU 

•^a^xj (^iJl J^L-dl jla*J*yi JUjj 4«Ja» 1I i_.jLJl j^waJl jkb> ^ j 

SjjL oUjx; JSdi ^ ailj^lj LajVI ^ L* «>ljl jj^ ^ >M\jjj ^fi\ *1^1 
c»* 4^**^ Lfva-ju ailj^Jl Jx«Jl IAa ^Jij 4 oU,I ji>k» 1 g~->« Jii 

. 6^l>- 



: Trills pattern ci^iai _ u 

^ I A — jlvaJl L j — ^9 j j^' 

(J j '— *! Jltj t oL_^l £° 6 mL»L_>o 4-->.,.....J jJl Jilj^Jl 

4 lJJl Jj 2 »z^a}\ £_ J> *d®bda 4 — J-s^aJl JJ? T .^ fl Jl JwLjj A iUA~J> J ■/ -> ^Jh jJl 

MCj j^Jl jlj>*->l «l^t £0 SA*lxi4 wb*-lj ol^l ^ IfryOHJ £A 

tf <uivaJl j_p«_vaJl j-UJj t jy-*^p ^J, ^yo-l ^xJl C— >*aJl Jit j 

Luo Lt-ijjAS Ja^ Sljljj. ^ ox£j ^jlii Jbta j\ escarpments oUL>- Jilt 

■ 1/^ ^ j-&dl 4 jjjbJt Jit j jJt jclc 

l^__J i^_jl — *^j t — >- (_} <_Jjb>- 1 — ajj — vaxJl |J_A 4 LiUI i ^a j 

>-iU js’ -b>- JJJ t 4*iv5 4 j j-*>- CjLaJs £_« <LJ iJUaL/J 0 UJ 9 

• CljliU-l <-iyu dU*>- L~jjA> J/ 1 ^ySj-dJi 


: Pinnate pattern jjJLjjJI Ja^ai *. 

iiUj5 t^dj^^axil ialxl ^ jt J>oN I ^d^Jl A- j^jaZjj j g I^m 

V j-4^' jS-' H\j . rictangular JJaaJ.1 <-A> J .,.*s c }\ j barbed ilbUJt ^L^dl 

A**a ^ Lo^d ** 1 t — 3 kw^lpb^cjl f j jJ 1 ^ • 1 1 J^-l ^ ^ 9 ^ t fl\ 1 ^ J ■ /^ I t ^Ijl 

* biLj 0 jA 

V - ^ 1 dr ' 1 i—isaJlj ^s 4 w (4j— p*-d> ^ 4 j:>jVI ^jJj ,jj>j 

(_ 5 ^| J* <_5"^ Cljl^ — J pL^I SJ__jJ,P JaLctj ( 1)1 & 1 ‘ , ■ “■ fi J<j 

’ ^>1 1 oU-jJj j^a-t^aJl ^jj oUbt>-l 

stieam ^^-Jl j ^k-bca-^ ^ calSx^iJ 4 ^»j>- cl- , L-^S , i,,, ^ -bj 

LjjJl Jiljj 0 jSc 5 4 _SdJ. jj cL^>- ^ _ r vib 5 ' - orders 

1 y u foj .45LjJ! ^ IjJj. ^‘Vlj Lij— b> j-disVl JiljjJl 'jkj ^j'Vl 

^ J— ilj ^jAllt Lo ti^J t jJ-S I i_^_vuL« J>xj 4^>x_JU -^dl (jbL* 
^ ,_yfb_ a <1)1 |j5d&_5 <Jlj 4 — jj Jilj o 4_aj j ^ja j—>- \ Jil^j 

0 d*>< d._.. fl A ^^3 A ^ 4 j ] 1 45 s^ . .. ii^ ^ ^ 9 ( 4^j j ^* 1 ^ 1 ) 4^J j j- "-*" 1 1 Cj jJ 1 

I ^3 U^Ai^Jo <Swi j*Uij ^3 ( 1 )LoLa 


: Drainage density iilijr _ f 

-5- y> jl-\ J_>-b AjijSh ^y~^> i* — J {ja y bj 

■0^^" ' 

j^iiu j U^-i ailjj j\ i ijW*- 4 cS- 1 - 4 Hi ♦s* jr*°J 

*uUaJ j £jj y J5 yl (/ H Aili-S" <wd 

^ip 3JasL~Jl ^Usw'S/l <W_5 ^jIp- <~-0£j-Sjj <• *Ua*Jlj jj-jjLwaJlj 

. AjiliJl J t—> _ r — xJl J oN^bcaj y> y~ 

t JjUtt mm hi 

^kJi y> jJ-l 5_>-U_« Hi a-ilj^l sJs- a-^jJI t __ rc -2 ij 

. lgj| jial 

^ jJ-l J J ^ 4 ia*"LJ.! O* ^ (-T*^ »ajOP iiLtoj 

y> yj t y>yj~\ ^ ikai j cpl jJl y^Afi ilaiJ ^ i-vSi'i/l ULlI jAj 
^JLp y> i y > j-& jJ**J oL-“L-»a3I {jA 2*Xt- )aMtj—ZA •^W'di ^ ijA 

jl ^L-Jij! <L»«ju <U*I — *9 tyiJ l ‘0^ > J^~\ ^ a S ; * t — 4 1 oULw« 

(jg ^,gi 1| { jJ > ^j—SwJ 4 ^^-~ *“ e^L*L~a iSLfcj 

^Jl 1 j$\ AAkkil jLju’SII oli^j o^bl—*^ j* j 

: ^Ju US’ oMaUll oJLa Ua <■ JH o* 

■ yi> (J^b "*” O^-f^ A5»Lw> = J£* (J^*^* 

Ji*JLj! {y y> yi~\ J5Li **^bdl «a_$J ^v-aJI jr-c^J 

•e-H 

y> yi~\ yAjP- ~ j*-S3l — J y>J—d - 1 djb — (J^l 4 I'" 1 

. I. ( J-.l a" .>J.I jJSwJl ^j-a (J^* 1 jV-^51 (_J 

<d jOai <u»eJU y*j£-\ o*j^ cS“^* (Hi jr*d Ja^j 

; iJUJl iJ,al*il ^y <eip 

y> y£~\ J ~*~ y>j-J~\ J->-la (^**dJ^ — '■‘^ (3 = d^JLi 


JLSmUit (>o Lfc Jxmjj U$ f - '-»» : LjuIj 

4jji-U.I 5 jj| ^ x^aJl jlsbiL yiji I £cisu* J-5 wj UU I jjj ^-UjJ! iwodJ 

■ aJ>-LJ| ^jjsUil ya JjJjJ! j 

1-g^Ail va>- (jisbll liiL ^ ^bjl! bj— 

JlSwVl tiUj AXP (_£jj j-visJl t yoj liijjj j loL-^Nlj A_Pj^J| (isj-S- ^ 
Ja-jjj oULo j _ s 1p i_JL>- Jl ^bjJl oUlj Is - ja ^Li <jt Sjl j^J| 

• b^a^lja i-Jjiiall ajlladL £-IjjD aX^o^xi J *p <_J5l>- jj-o qLjJI SiL^u j»Uio 

: LX*JJ1 : tt 9 f 

tioL-Jl 4 — sU-| Ajjjjj 5jUI <_)5\ >■ y* oo*oJLi j-L) jJ| 

— oljjJl <Ua^uljj <0*1 j SS’^p- ^ j_a'i/| 4 j 1 Jj y oljJJl £_aj y i£~a- 

— jlL> j — aaj Uaxpj c <oja_>d,l L^JIjI — ^a y JL>J,1 y oljJJl Jiajj 

<£j>-\ ijA £tij y J — ij t<UvSjV I 4-oil — i-l L-uj £■ 4-Jlj JatL «J 4_S ji-l 

ol jjj j»jJavaj ji saltation ja-SJI aju ^cJa^o Lg__« I Jilaal Jlju 

L5® i_s® <L - ^1^ Ji*J iwwclj^l Oils’ La lijj (.^UjLj'yi) £tUjjXs 

Uw^l j U>jjl JJitj si _ m iiLJ, ii _pi_XJj JSLio JHC Jls jLjJI 4jL>^ 

^bf^l JJ-* ijSb (_5^J 4 l— ^A>-jl ,^1 ^lo^ll f-l-4— il iju L_ft-~J OjOS 

(‘LoJ>-tAx — 0 j. >p) ijL^j 4il — >- i_^«|jjj! Oj£j ol -Aj'i/ i— ovolj^Jl tiJL j£ I y^A 

oj-wuLpi aH'zKp 1 JLSIxa ol ‘OjLpoI I op^jJI L^isliSC* jy>*j ^^xJl oljJJJ <ooJLi 

C l — gS ^— £ 4-Xj Aj^l la.1 1 ^Lj^I y OiljiJl oOfti 4 JLJ-I flJLft 

4P j.. * ** 1 1 ft . 1 1 . 1 , ■ C l " J i>-lj ^oU-JXa i y* j*J. S’! jki; ojlji iS y>^j 

U li| jlijJ Iw^ftftdj^l iOo>i OjVa^« 0 > <1)1 — ft L> y^e- j 1 I y£jk& (y—> La oilp 

Cooke, R. U. etal,) |*J-« ■ • , Ai ^yLe LajUsuI AjJj oljjJl S--mJ Lg-*9 oJu 

. (19.p 55 


o.>*Jl oUUc- <i ojLia ^ ol_j.Ul cohesion 

Oj£j U oiUj ioili-l -ku V.A' Lf® J j<j ^ 

Vc LgJiSLi j>llijl ^jl & v-^-j dUij (v-L« j ^ {y J*Vl cjIjiJl 

- Jl« ji\£ L~wj 5 jyS oljJJl JU~I kX^L^j 

l g *- i7 4 I I a . ^8 ^lj _jll Ca^ldll 0 .L 1 .X— i <Lj L /2 1a / 3 ,, i l tC-jbj^^Jl CIaJI^ lij_$ 

tiliS UJi J l jd. J JJ l-LO ^C y/2 .1 J i j*£S l_4*^4D \—&f- L^kXXC' Uarfi oLlL. 

. pJUl jjkO C*-“"ij JjJalXa ^ <L5l ^gJl (j-ojUl *Uj4 jLiiil 

U o>cJl j-LjJl l/ 1 ^ ilr^J 

oil j j ~k-.l i sj^iax oil; UlSo t -lc-LjI j surface roughness ^kJl Jj jJJ%j 

■ l$XP j**J ^djjJl _f~ jJlJl CJjJl !j~JiJ ^ J-o-^J J^djH 0>jlS-a 

t g& ^^jl ^*^1 dk^t-Jl *1* .. W ^^Ip ^3^ t C^ll CIjI_jaAa 1.1 cillkX? <— ill. aa H _J*aAJ_^ 
jyy.la.AA.il ^9 ^*Jx>0 la 4jHaXl 4-J^Jl 4i*"LJ.I ^ll , ^ Id 1 8-U-uJl 4 ^aa*a5 C OaTjaXp JI^aajI 

io-L-ll CU-Ji i;_oJl aJlft Oilj L_aJ5 j_>T <_yX*X ‘C*>*dLl ^_*il l jd l j J1 

<u jo>- jjya oldl -XjJj tilli t — kjU>- j^Jl 1 1— 4^9 J>$> ol j-^ljU < _ 5 xll ii j^iSCll 

( j»a 4j la £4 4o*l >-j ^yl ^Jl O>ojl 4_Jl*3j if-\JlS ^ £ J1jJj ^Ubj ^dl-dl 

. tAA^val^ jJU tiL»lr ^j*a A& j^j>t*a 

: £b>M Jjuu ZuhJJI frc 4^LIi( i^&LtxM 

: UJ Ol ynUall Oklft pJ*>\ Jialj 

: Desert bavements Ajgl^*.,^)) 4JLu»>Vl - I 


^jlx*J t <L_«AwXa (3l®l*— 0 (J-^*a (_s® ^>*-**11 <xi_^<»j'ill j 4k* 

ij>-j (JkXj c4a«^UJ| Jl — ajJl 5Jali>*ll Alijl-I JlajJl ^y> 4it*J A tf^laj 1^>T la. ..a 

kXl^A^*lj la . '> -N - ^ 43 t ^y>l^ .. 4'll < 1 '>^&aJ| 'jJ I f 4 k I . Awl | flj ^A/lJl 0 . ^ ^ ^ . . . ■ .J |j) | 

jau ^ r - k - *.a Axicl-I il^ll £ y 4 , Ala . * ll 4 jjL_^ ^j-a Bagnold 

Jl — «jJl ^lal (j»Xa • ,V) j»J»y_J~l JaA^j_Xa JLa^Jl 0^_jjjl lio- 4 lj-® jk-J 

9 ^ ^j-a ^St) 4 aaaaa51'| CjIjJJI 4^waJt>«Aa 4 — ao^pUI Jla^jl 0>^ 4 . X .kal IaOj C 4XaaaJ"! 

• If^i-Xj 4j jS ^AjJ IftjjJj a Jjp-'ihj (j*-la 


SjU~I <Ojl yin-v^il ^3 4_iv£J 0»AA i^jAJ 

ii- * 0 J o j*J£ ji»Lo y j LJlj-J^v! J* jjj-4-Ij _y'jJr' <_s® JL3L? W-f^ <_s* 

Jjulj 2 Jj iLvOa l^>JiL^I jJ JJ 45 C^uLo — la ^cia^l {jA 5Jj5v« 

oljl j^> y JLix <U j]p cjIjJ^ yiaJ U i j^JSj t j-LjJl l^-Lo-s^ yd JjjijdJI 1 -- J ^rr :, " 

daJl l„v»5w.JjVi jj UJ ^2L*Jl I — — j J oJiLvJl £“L_JjJi o\J-\ 

, ( Y • ) ^J5wj L^Lp yLlaj c^jbb- l^Xva^ trendies ^bob-1 



^9 <*.»-,..iaJl y j^Ljj ‘4^_J - $d “bjAiJl ^ — ** (j- 4 a (J*5^J 

wLXXj tj|jl>*j'i/! SJjJ-i l olj — >-J kjj l^ o «l^-u jwa-9 C->IS “Wa — i>t~AJ d.Ja^..a (Jt!>\j 

LfMaju oljl ja J* (jba! 4j*—Ju ^Js- *AjJj M) ivai>d.l J">Wl odfe 

t _ . ,,,.. j i_2iaXa y ^LjJl u y 1 c*»£j xjj i L £jj-$ yd #b'y t_s®J 

^dLa^a ya <t> iLxll (j Cjlj-t53i 1 — *j t (J>dy x -^ 3 dj L 5 ® ty^ 5 — 5 ® 

Lg-b^-b c^UL^Jt j o! j-^>c-*^J I ^j/3jkj * yrj 45w>U>ji« us^ 1 i-'L^ 

. A^Jli J^Jl ‘- r ^ u _y kA.*s- J-i liy>-jA obldl owl* cuiLS’j 



^ J jUil J^L. y»j 

. iiydl jJalil jJuuj ub^l <Jj ^j 1 ^' oU-ljJl ,_y 

jijkJl alJt-l J> J* ^ J u~tJ l . J 

JA Oj-ajJl Jbfj ij t i-JUaivaJl ijjJl ^y oljy£ l ^ > " 

Sljl^-o ^ij LfsA" Sljl^—o J> J 1 ^'j-^' 

obyil htc oJlS ,_yJl ol y*JJlj ol:Ul L«y tSOJUl i_JUA)l 

LjSL.li { Ja oJL*>j Sjwwlall i_JU=ivaJl iw— Ij^Jl L. fly-j '~~r M S cs^' 

^s> ^ \ MY uj j^_>^ (_5 _^o) oLU-«J ‘Uja—JI L^u_jL_i«j 

.(Wo t Wi 

: Pedestal rocks ifjLSLSjVI j &** t * Ji — — > 

oii-Js ^u« <Sji— y? 1 ^ (j- 4 — *•'•* ol — D 4 UjS^j 

. jaJ j ^ ji Luj jLflbU “uLsaII j j— > waJl ^y 9 y*^J t *uJ «LJ UaL ,tf 

<jjJco»c/» jjjialu y £>>bUl o-Ia j — $luj iJI — voLyaJl oLjj^vxU (y^j 

iJU£ ^Ja^i y> oJL-o LLi J^c 1* iyrj <_y (jr^j 4 ^jUs-voll dr 0 

. <*j jS 


: Deflation basins — f 


t y* jJLxJl y»Jj jl^l aJp yj la jUail ^-jl ya _y>- <_y 

jUioVl cJaio U lilj iolJly!l y« <* — JL>- > — oli (_jA 3 b» ^y y^M 

yyJsJl ^laJl i_a>«j 1$aL» “^!J ^ — (i-^- 5 Oj&j -ti 

‘ >j0 I’fr-dljl 0^ y5v_<ea i_il_J^I yJaJl y- 4 ®j — ^ K ^ > 

. (YTY ^ c^VV 

,_y> j bang - kiang ^jl_ Jb U ^1 y>w? ^y ajj jxi! j — ywjj 

Ja»»i j — j*-bj t A—JUj jj Jn**j a^jy^j i>-L_«J.I \j—~S (_y I j— >-l l yf’ 4 ji — y 
. yu ^ t ■ yo U £-jl yj (JU-f-l ^ ol yu ji-S" ivj yj yS"l l & jliasl 


Aj&^'i/I Lj jyJ\S 4— j'ifj y Ajjixll y>\y 1 jl y>- y la.* vlUJS^ 

(^1 tb** ^ <3b '^ > *-^ k^b V^J •i»-'j 

i Jb>~l j £ij* j~° ^ iS^ ‘^“h**' 4 ^ / M \ j *b* '* &P t 

^Jl «L~«— ,5 J^l j*Jl y >Xxjj 1 5iL_>- 4 jj;>cj v_^~ul_jj lfjU_j y j$**j 

(J^b- A^l>-j Ao^*Jl ^i^-c^aJL I 4jj\y%*£l]\ O-’LsAA^xXll jA>“ 0-**XpL-« 

v_jIx£ ( Jj_vajsxJlj £j*-lj) is^r" b 3 ^ eidjXi Osi *— *bs — sL-t ol 

.(mY t^jJU o^JWb^l 


:Ventifacts yt^Jt 

Igj^-i t(^j>waJl £cla~o b j* y 5— 2jjJl Jl — * jJl (Jij^ L 41 ^ 1 

ji b -., a .*jj driekanter y> j^Ji JSbiJl L^i*j wl_3-tj axJ1j>- a> yA>- obj jS-Li 
c o eikanter f ^^,.*0 ^ * Ip Lcj b"**^ o^l^ - asL^ - 

t ^-L J\ b^*^* OapxjJI t " jI. 1 ^ o ?*■ lii yt 4jj^st^\ (Jl-Avu^l ^d-A ul iya*^\ a „J & *jj 

^lj L^-jjj cLiJ j [ y 0-l5b-^j 0^" ub 

Derbyshire, E. etal,) 1 jLJ-1 hj\y>^\ jJsbll y i j— 0 ^1 a_j£oISUI 

.(1979 

: £b>M Jjt-ij jbJJt 

L Js- AXJOM oljdJl (-«■*** ijdxsJl aIo^iI^) (jLkll) AjLsjJl CjI jdJl J-S^J 

. yjti\ aLl^jIjjj j>x]sL*jj <JjJs 

AlilgJl ^\j jJLs cl^jl_ ? kv«'lj LgXPj— ~J oLjjb-l Jij J±S- £-l>jJl 

JU jJl gy ~ Ju 0 ! light breeze cJLdiU U-^d 

cjI^ * " j l (3^* AwjhJi t y ^ i— *1 c Ao*pkJi 

1 — g->^s Ott^-T^b g^lss ^jlj^l! Dl t a>-lj j- j, u ,,.LB b^ 1 j^* 3 ^ 

y32- ^y-Ju ol Lf^duj i jLxa’VI CjLLo ^jJl J-^aj oL-plajj^ JU J] 

L^Ul JaO^-J ^bjll a] ot (J y U5j»j i (^V 0 y> l- 4 ‘Ja* 

. (Allison, I, p 373) ap^JL 


uO-^ ' °b 3 Cfj 3 


5 0l 


: Suspension l ^.l,«.jJ> iUjuj)^ Ji-Ltl — I 

g. la J O^jS- A_i_iJ-Jl ol jill ^,h_3l J-^j 


Jp f-Jao iaiLxo d)l Ji J* 2 j-** 4_JL JlaJ 4j_gJl J JlvoL/dlj 

iiJlp iJp>cJl dUS L^^Uj d~?- «-iLJ-l qUII J t^j'ill 
j IgjJu-f-L-. Jp platy shape oL~>JJ j£dJ> <■ *1 j J> oliLI 

. x5of 3 ji J J»*V frl^JU J*x!l j aS J-| 

Jj J\ 4jj_aJ>- ja b It-jP- <Uj_»J“I Jd-JL 

■ -ilil gi jup aa_pU)I jI jil J obUii— jI iilxA cdlS 1 Olj 4-_J5dl 

jjpL* Jl ap]Lp ijyfi J c tjL l*_& J&J glaciens ixJU 
I“.^< lyj J^U- AxJUJl JA AjJ^J) iXLaS Jl> p.J Aij todau 

A»wl J J>L» J dUi J ^ jiM cp*J ^ J J 

. (Statatham, 1, J 979. P 145) JUdj bjjl ja 

j! Jbu JL« • , • \ j* JiMl oljdll ji x«j^><i)JI oLuljjJl cjj^A>\ wiij 

<__«pI Jl i \ Jl dl)j5-*—J Sj J la— ll ipj — «Jl 01 Bagnold ^ i Jj>— dL 

.US/ j*_vO Y ■ 1_J jdSj (J^ • , Y o) 

. Saltation jjuJl »*■ wa 

JJ 0j5o U>wUp j i Jail 4A| JtJ J> jSIl 1 -r J J <JbJI *1 y-d> 

.creeping *_A>J| jJ? jp >Joo JSjd Jjj SiJaJl oi# J~a umj 

^Jl JJI SJLp I .~ C ^*0 j ^ (J^l (Jj 0 bJlp JaII 

ilb>- ( J dBpj tjLxJI £-* Ajj\jj> (_$ jp~l j <da_jL jj XxJ ijb aS j>- 

J J Jl_>-J I Jl Jp ^Lilj'ill UjJj V opLpj tOiL-i-lj 4 — P ^Jl j+J Ojlj— Jl 

tja jco o! a .,1 a J-l cjL-“I— Jl ixa~-Si ^ ^ xjNI— p~ 

<JL>- J iJuo ^il aj!p«-wJI ^ JLi/Vl “j— 4“l J dUij ^lii j^I xl_pj oLj-l 

i Sjl t j)l Bagnold ^lj I — *5 dJJS Lr^j (,5 jj_s 

Warren, A.,) <^1 _jl J Ig-pliljl Jp (j^Sbcj U S^^JJl oU-l 

.(1979. P 332. 


. |J>- j £\j i)L>- ^ -ifr 


1-Ju<3 (_£ (J y-* tkjl J £*isu»> (5j* ‘UloJ i O^SsjJ 

t ySl sy »21 v«iLl*x1I iwJlaJI ^JaLwJlj cjLsM vl« — >■ 

4 ^-b jJ| 4 _^uUXj JU ^Jl (Jjbta Ol 4... J.o.a.1.1 l_J jl>cJl C* — o«-sPjl 09 J 

*!ygJl 4 sliSj ol jdlJ *u— py J! Ji* t^y~l (J-"l_y d 1 

. (ojl yl-l ol >-ji <y lyyOll <y jAijj'ifl £d (yll) 


y 2 »^.,.'ll ^b^jl aS” > til! (JLdjJl ci^l— *sb y by— * p_j 

Jij y 01 ‘U—ll y ej^ ■> J— ■ Ak«dijd.l £-djjll 

* yJ I Sy^^S* ojLvq.S' 


: gLipf ujLujjVI 

4 yl jplp J5bb 4Jj' y^all C5* '-S— ST " SJ -P' *£_)>- (OS 

2 .... . j ly d l ytUaiL L^JULj jl y jiSl ^Ljib Jst-J j SaOp«— » J^lil y 0 >-jj 

. (Lil jPyd all) 


4 4_alyJl 4_j)LdjNl JlSdiVl ^ g , 4 0„ > ,_j£d *d' ^JJb yO_P-J 

y i g -,^ t j%-, l AkJy. ^w’Up sop y jOJ ol sand dunes bb ObSdl 
4_Juj 1 — 4 Sjlp yJlj olo^dl (jtrf ykld,l 

cjL-o^j ^ y L*J yj £_bjJl ol^l y> 4 AXOi-l Ajy-yaJ-l oLjjScli 

y 0Ui£il yO(_*a^ jf-iJ y 5 ^ <*-*?■ dr* ‘W' 

• OdJ^l Vb^O , ^ > " 

: utjLujjSM 0»lj-»Ui ^1$ 


Sand - ripples J U ^31 ^ jl 4-L _^1 oU-yodl _ 1 

yj| ^>J-| S _ r -0-P aJLo J\ JlO’Vl y* 4-X. J\ oUU-lj oU-y-OJl OjO 
J ^ a^x-doj 4 ( _ sr Jl a! >»-*! Jy i«y V^a 1 a 6- ^ 


^UjI 4^-jII J^»j y i~J' ‘C^ 1 S -^ ^ 

SJl>- yi 4_>UJL1 b jwUc-o 4^-wJl #JLa gSU Oji l_d s^Ipj 4 fetch ^yoJl ^Ja^. 

. 1 g a 1 ->v ^-1 OjI^j ^Ld ibjj j cjU-wJ“I (Jbjli 



N Lll Nl cJjLwJI ^-Lj^JI ol ^1 Jxc jjIsxji ob-j — «x)l oAa jS ^ jj 

. Li Lis' La 

aJu jJl oLii_J-l j ol> j^ilt J jis £-UJ jl ^ Js£ ^1 y-& <L*jjI 

■ cs* (J^*^ 

. oL~J-l yn aJL*j<J aS j>iil o jill Jju ^jxJl ^-Ij^II - ^ 

. «L»cia«*Jl oLa*J-I !►>»»■ _ y 

. Ajdaxll ^jjLsiaj _ y 

. JLJI *Sy- tfU- _ l 


h >- jil (J j!h <1)^9 A da jjl oLvJ“l (_j® Jjl *jj| A.II JL Sj 

JjLtXj L_aJXP ^yCs **. jj £~j ^> — Jl (jj^£«o LjJj t, A_Pj»Jl ^-LjjJl 

.(V) j»Jj ^Ul iJj-Li-l lUS ^wixj IaS L-Aa l-L>- L$xp j*n ^-LjJl 

gj^JI |t«i yi al>^«JI J $Jbj ^L^JI ap j»«( i3^UJI 


AA 

lY,o 

0. ,0 

*• J 

Yo 


^ u/ r° ^ ^ 

— 

u.y 1 

<L, ^0 

o,r 

r 


^>- ^il J 


i_49jj ^JS- £-&Ji JLc jJl ^j> <L_v’ jjJl (JJ>bj- ^a— aJ-ll (1)1 *-L1 ^J>-Lj j*J 

1 1 " ' 3 — Aa (_jJl AiLJ.1 Jji> — a £« L^U>-jji J jjfl jJjLoJo JLoj ll ( )L— Jl 

jl j*-jJl ye £jJl Ij-A ,_yLp Jjllaj viLIJU J c^Ll^JL L^alJLkv^l JXp SjjLaJl oL«i-l 

. impact ripples (oLadl ^ ^^xll 

^j^jdl as-j-» 5- — Jl) ripple index £jh»_xJI J»U_a ^-j\jjj 

^la-j; £* \j-^A -\ ■ _ 0 ■ ^L J[ ibj_j I Y • _ ^ o ^ L, (alpLaIjI j 



frl y* r * s i.i Sharp (— Jjb£ iv-*y jij (.sjujut ^-bj 

AS> Oj-ab ' 4 Ja-jjjj (J-«jJI < V > " (*'?' — *" Lm-^P A>&£j (J-»L*Jl iJLfc ( 1)1 K^Ia ja» 

• ( 1 ^ A t ^ \ki <. 1 — (j; j ~&) £*Lj ji \ 

: Longitudial Dunes 3J jk) I ^USOl _ t_j 

<bjl.All i_£jt>« — salll (^jS jcr~^ (J-^***? A^la jll i_i j. ...... lb cj jju 

* 1 _/*« — s^j <ujj_xil ojj^i-lj ^Slj—sblj L.,.— Jj j-,<» a SjU-i 

• l-* 1 J 


^lp A^l^Aa A^Lo j w.. * ollail! Aj^xbil A — *Ju (J ^ ■ ■■ ll ^5 ^JsU La olp j 

. Ajl^uIj A>-bw» 

cJ j_J iXa J\ jUSUl y> J»UVl oJLft d)l Bagnold jj j>-b 
p — > 1 ^ j5wo ( , ,-^- g .) ajj__s ^-Lj^j d)ji — aj helicoidal a*J^J a_uI ^a oIjLj 
^bjjl ( 1)1 (bJJbS^ JiTl jjj t £-ljjJl oJa oljbfcta ^ LajjI > XJ > jjjjul £a iJOtua al^l 


L 5^ J*J<Jb bUSj L^l ((^1^0 jJl JSblJl J j£ A~jUL| 

. ol^Nl *b5bj £-b^J a 1 v 2 ax^ (^jiSCU J5biJl ^t~vaj (iUAjj Jla-1 


JtA>- bJJSj Aj^ladl aSA Tibbitt c^Jj McKee ^^ba ^ ^jS jSi jJj 

(^l j Holmes .^Sbjj^ c b — *d uj ^p («a^>- aJ^> ^J l d)bi!>Ul! 1 ^ ^ ^ 

A . , ... ■ *!—>• £-bj Oub oUl t j — A ^-IjjJl (— J 1 _^A .AXP AjI (_$^j (JUj_a>- t Lpul 

Aj_)1jA wCLC AAX^ai olsbs- AjjiaJ! (l)bi^Jl Ai..... L a ^) L^Jta AjdabaXa 

(Jjjbs-dl bl >ijP obiS” Ai_in«l^a ^»^>bSdl IJA (_ylp Nlta i_Jj^<S!jj l SJub-Jl b ^JJ 

La Sil — p “bjl^ ^-^Jaua — *j jjP L^axj (J-as — aj A^j^AJI alj_>tvaJb 

. AjjljXA*bll Ajl J^Jl oljLxll oLj Uj b^J»A AijboJla oliLJj il) j£j 


: aJ^JI ol~sai-^ 


t blip ^obiJl jAj obL>-jJ jt^al b ^ .dp (jilajJ ^ylbL^-ll J^bJl Jj-b 

( j^Ab£| (jljiJ ?xb (l)bJb>- aJ J5biJl ^Jbb* (_,<... ,.l f> ^j£- SjL_p aJ ^L*il JSbiJl j 

1 ••■■» b^A^bl 1 l^jLa* f A^amtO^JI ^b jU A>-ljil L ^ .^a u_^il i-1 J) l.s^?..~a 

A>Cj _j k_Ab^dll 1 bb>- (jjbJl iwJl i-l Lai t ^b^Jl i — i j^A (_™»j ^b-^bU aJL»j 

(J^A 2 -* J (JLa ^Jl A^J-P (JL^Ja bw^ 3 ™-)U-*Aa t^ubbl IbA il)^^b Lab)-Pj c ^b^Jl i _3 J' 1 o ^>=j 


<? 

Lgjt S' j jJuj JL_a jJl 0*^ t y L-ilJlj l yt—‘ * Uij 1 ^ ' ~ ^ ' il«i 1 0 * AJjlj 

j\ v r ~-i£U Oj&jj <V\ ^ t tjj— iLpj — r*P *-?-* 

Ujh j <, ijtfLJl j-L^I *-i ol_£l ^1 ol j' horns oUy ol>-jJl 
Oil jb\j uL$Uj U— $j1 U S 4 wilwaJi [ ya^>- lJ i .. s 3Z ' ~£ -Up ^j-Ao iai Jp 

■A 1 ^1 o-U5" ^y> Lp- »— ibio <L-U> 

O A) j£uJl yo jUi ^ U5 Jb> J^JI *-~&\ iUut _ ^ 

Sjb 1 _ j 1p £-L*5\Jl i— yo b 5 — si— Xl = v-«sXU jy*«il - 

. oLoJl ^jL<< <m ^ s ' i_S® ^ „/ 4 -'"- “ <UJ ( _ s 3t Ul«j lz>- 

. y ^ oti ^ - 



J>J| = J 
yyJ! oy)l *= y 

J> 


jiM * a" 
at^ 

wjlwsJl < J\j>- 



(jl^JI) J^l aUI 


ftU^l 





(r- )JSA 



UoJIa uLs- Aikx* aJUjJI OLdOl AiliS” uL> j^ahj 

jt ^jil J~^ t^j? ** ^J Lm i o ' t A 4>*L*v_^ ( _j^' — |*jy»^“l _^la_jJ! v — b j* / 2.i _ 

. ^Jl d)lj-ill 

: i+asL+ji juixji j^ie-c, _ r 


: L Jo UJ uLiSJl oJL* j j£> J-°! y- JJU^j 

. ^ UJI jlJu 4 _ s Jlp unidirectional wind Jb4 j «l/l y> aj^s ^Uj vjr* - 

. jl-b'ei'yi J-aLsj j»-laXA* J £_aaaX/> <_JU <3 t5jl Li*v»j _ 

•JM j * O^a-aS* Vw*Ua 4-S' *• 


J — Si La^IajIj L_gj>l»x_>-I ^ aJ 1 ^ gJl oLi^CJl <-j a ix>Jj 

;bul A— •~*y- (j** y 3 j— *Jl r’jLriJ 1 j~* ^ ® ■ j t jLcui a~a^>. y^i l« ^Iajj')II 

.p\jUyl--j 


A>- J — 2x*«J i_5^ > ' 1 — P’-lfijj! ilijj A^Laj A_a « ^ 5^ ill ^S vXj (Ills- JJ, ..frig l^<JJ 

.sl.Sjj -1 — ®J l ^J^jjjj O^-U— X-~ — 0 aJUs>I djjJA>- ^-o ( 1 — >1 . — vail) £"ljjD jJsUaJl 

^•JlP 1 ' . A • AAA 1 0^5^) A-V ^ ^ C A_ A> , 1 j AaA^ /*** Ll^J A I aJ f g l) ^ *1 A * A ■ ■ I Ur 1 j ^A~* U ^ aAaA^~ I 

jjfcUail 1 JUUl ^»!J si Jl» jJl aJIj^ _jl a-:^. 5 asUalU JL ^Jl CjL |»liaXJl 

■ (j\y£^>')l\ Ajjlj) *>-y t_^[ ojl-A^I J-AiJ ol ^IjjU 

(Jl 0 jJl aJlA J j£- £A j — a 5 I jJ SJio Caa>»xJJ l j r fi y<—Z—£ -^\ ..,.,.,. 5 31 1 — ajU>- LLl 

j1aA>cj , VI j_jL>6_jjj ^51 ja jLj “C— o-aJI >— aL- j^iLa* IajI jJjc*a Ij 

slip - jl.^iVl A^-^J 1 —SjAJ to Aj j£a ^ l iJLajJl j jIjiw'Nl Ajjtj 

cxjUtA ~Jl y y a-_ aJsS” s jao — jviw« tj?—? ( ®) pj j « jjvaJl ^-1 j . face 

. Ajjjjdl a j** 

LgJISvJlI j I >1 iwi^U^-U aIjaw, ‘ ll cjL)U>.jJI 4—t>j*A i_ilx5»o L« Sil^j 

^jjUl ^ A***! JS\ y (»U JSwj jL-A^j^/l a >-j j~*ij tLpil y>j 

^-UjJl ^ U’> ya Ji" j-j I e> Iwa^xj dUi ^aj t. A_J^A__jJl djL.dSLJl a5 j^r~ 

. ^ LrJl aILiaJIj Lsl j JL* ^1 oL*5j 



{ 0 ) J 6jy£> 


o~lj~Lp *}y- y Aj3jl-rtJl ^ .... '.^^— J ^Ji 4 ^J| l^* 

jSyi o ^ Ijij Jaj ^1 transverse dunes w> _yj| oLiSCll J&° 

-kji**- ; 51 ji y y Jj ojIm^MIj L_^x_fli J_v«-j3 5UL. J5w ^ 

^ ^ ijci ^ ^SJjUJI ^-\jji\ al^l ^_tp a>Xat*X_« 

j^iuj j*-«j I — $-**3 <u»tj j 1 1 jy Y V • j ^ o yj U 1^ pU; J j jy ^J_j> 

* O-fLal^t-ti! y& 4^-tJl y^\ ^j|/Q • i t ^ i 

^-ai oli jXJj oghurd wJl 0L-i£Jl Ul>! 4JU jJI' 0Li£Jl y>j 

Oj& Ixjj j-LjJ! aUl jJu ^1 L$J j£ £>. jj Ujj (. jIwUJVl SJjJLi sax; £ji>i j 
. L>o- j-SY jUl50 0j*kv3 <uLo j oU5 j»ts«tdl y* c«jxXj JtS 

U*' J"^ 1 *^-7 i jb.«l 4% L^pUjjI JjI>«Xj ol jXj ojJj 4 Lj (jLiS - J>- yj 

y&f- JU^l 4*? 4.1 £-[,J\ ^ jy; LoXp JiCixij iJLJL <J yC UL>4 ji\ 
yxj <c-*i axe JSt^Jl yy y~J&S <6411 jXJj 4^oliLJl y L!Lp Ji»xj U 


. ob'LJl {y> y U-l AjjI j x^al! ^ ^fiaj Ojl ( > ) 

. 0^A*l J^LwJj jA£ «U*J4 j^p.) £^lj (Y) 


tilli <, LgJp ,jJ-Jb ^ IXaj <GliJ* jJ-^i ^a ^L^ll i-i j^-° 

I j!£ l$it U5 <■ ^jLjtJl j\ i—ojil jt ^L2J| J5w)l Jla j>~\ 'ill^il JUu JL Hi 
bwijv- Lgj! 'yj JlJl (Jl£*J ij — *j ^s-jj i j*Jl*il SiJ>*» jS- 'ybCil jJ*c£ L° 

4-Jl ollL-j j^Sl! f-j — sM A-Ja*J oUjUI ^UjJt oljl yt LajjL»x^ iljCTalj 

JlxJLj Jji\/lj JL^^JU aL*>JI aSI-pI ^ oLJl jji Jiujjj ti_JU~LJl 
>^ — ; « <aj c5^3i ^ 4 L^<— sU» ^y> I J. J . . . . S ’ JjlAt ‘■■ 1 ' - . >o l^XP j_.^u yUi>- 

■ l a* Jl < o^*»J-l < a.P Jioj (_£>Jl ^^jI-JI (JJjU! iwitL>- 

4 > 1 >»LmJ( tl> Lilian ». It : LumC*> 
l^ix 4J^LU( 

: ^i-^LujJI jol.&i >< 

oijJ_>- d\r—i JlliJ j open system J_»- j_x_iil pJiJl y J>-l !l jl_*j 

. LaUjU^-j i >Av2j «U>~ jJ jijy ^Jd 

<uij Ji-I—^ ^ i>-bd.l ijjJd ( y»M (YY) pi j JSLJl ^ 

4— Jal* ^Ij^'Jl Jj_>-i 4 jIUj £■* J S - d a * * ( j— sxJl oLa^) <_£ _y>« Jl aJts«- jl Jl__ai 

LL. j jUS" Js > jh»~ y>A 4 jI^ ^ Ji<ai ^ °ff shore Ju*Jl jJs>LJl 

^Jlia^-a f ^3 l ^jj>*LwJl pl. ljr LJ U>cj ilUXP*i/l oj _ aj^fvo 

• l-£i^£ U^LT (^dJl olJl p— *- a.*j2j _k>- , ,3 I 

^ j^JLs-l— Jl fUiJJ 4 _ilkJl inputs o^U-ull Jtw 
5 j longshore drift I J jJ (Jip a^-IjNI j J'j 

Ji’j c jil Jj>-I — J l iil jP jjjbj AiUJJ jJl o'ib^-Jdl ^j-o JpliJl 

J. 1 ^ ^l^a^/l dl C-ol>“ A * ^ ^>- 4iiU? O^dl^Jl oJLA 

dli lil (_5j— ^(Jl jb^sf-l ^yi 4— S j£-\ 4_sUJl IfcJl V 9 ! — s«aj t LsAJ T SjuL5 isUa> jjJLp 

. ^jL>-LJl pUadl l,5jj>-^o 

pJiJl | _^yO jJ ^1 Od^J-l {j* jl^j^l aL~« £J> ia^UJl JU^ll j—S*UJ 

oil — J| yoj J^-l — Jl jl^ — '^l oj* ^y>\ JP-1 ^ ^ylj id-ow- >- <Ji>-l — Jl 

^ surges Jj>«_Jl olx^J-l *J! Jl — <> ^Jl od* J j>*£ J—sj i^l jJbl! Ja>- 1 aJLs^- 


(r i \ Ji ) 






UjUILj d s l\ Jil <j|j shore line ^liJl ^ j&- OwJl 

J>-jJ.t dy& tJ * 0*4j)/l '-fc l/'"’ ‘cS^^ 

.JkJl I j JJ ^iJWl { j ~£ jJl input 

<o*>U-jJ.I 4 _Jtf ^ iiU» & out put ,>-LJl ^ y ^/h Lj. U 
iHzJ*±\ JlOSMj iJdl oljUJLi y ULU ijy* J l^-Jw ^ 
y, JL* Jl (*1^1 \-L^>- 

. J>-IjlJ 1 I-Laj Wr - * 1 

: Jj>I^juUI J+Smuta 

: £l$«*VI — i 


j'MJJl ^ frictional drag ^-Jr 1 J«jk if 

j y ^-L^Jl u-y ety t j-^-T ^b>- y jL>Jl »L-» <*Oj Ol_>- o* cSj^' 
jjy dJJtfj fill ^Jl 4yJl y OlkJ! JUxll *1>J* oJl^ OJ ‘O' 

, o’S/l y>- L^Jlyr y j& J wave g eneration (T 1 y^ 1 

t(Ly y_i j S>-jil J ^Lil. jNl) IajLjuI y L-l^yj 

tl» U SiUj l^i-<J yj V"U' Ol*~i' 

J\ JJ jll oUl oUij4 jjJldJl jUil >5 £. V*tjJl a*LI1 

. obyM JO yJj ^|ilh LgS'lO-lj Sl^waJl aLlI 


i^jll syi! OOj cydlxi* yui y* iiU.1 -o J-^5J i>-j3.l Jji=> L.t 

, oC ikai l5 Ip yjbx* y^ jJj* ** y~~i <-$0 y o y 5 

Igr ^5, ix y_ill util y UjJ y iiku y l ^ j-y^J 

fju>\ ^ il jx-^ ^ j$b jl>^> ij lf-L>-b P.111 ohjJ>- ISy Sjj-AxJ.! 

C-iK _ jX—J I abi _ uiii-l yxo <di_^lj i>-jil ur-* y* 

&S jx il-yJ-l y g\ y>Ml *S y~3 ti_Jii-l lt > T Jl y» !AJj JlS\ o!)U! *e-j~J\ 
U j\ SjuLjxo iLJu- JO hyU» ( i '- a 'V' a)\ O-^il !}j>^ U^_i liijIyAl 
. a .; O i f ,v„, <; M l^Jb“l-t — j »Ul oU wave train j^Ju, 

The wave transimit energy Si til J^j N V^lj 5_i^' jUa^-L-; 

. not matter 


y« JLJL Axj j dais fill Ja~i y L^jI dUiS" 

, oA^*il (ALq«P 'J I ^yil ^j-s*aj "} J 

__p^J I jjd y — «1 aJlP Jjilaj — (JjVl £jUl • tjL>s — s«pl J <l)LpjJ Ap- JJJ 

i-j j]j A? « JaJlp- (_ 5 * £-_l j — a! y 4 — fliaAi Ja>-I.> AJj_Aj ^yUl | _ y *J SCtl - WilVCS 

"'swell ioLxJl jl A .,. ,1a. axil ^yu L_« _ ^lUl ^jUlj oLaj^I ^jjl — Aoj 

isLJ.1 J _jl> .sIaaI j aJ y]\ aJlUaj i_>-Ljr aJ y ^UjJl °y _P'j 

J Jslj UiS - Aijiil islia.ll ilijj iLd—P- l y !>U oAj _jil £-1^1 L l _yUl 

. fetch isLil oAa 

^ y 4p- jll c d it jlj ^jULij — dplSUl iiUaJl : L/i^i ^1^— a'i/l isUa Ap-Ui'j 
ip- jil ( Jpd:> <=-111 oLay— =L- y ^jIa)I jIaLI t i-_5” ji-l iiUaJlj ttlil ^da—u 

^LdJl oj-j °UJU iS^-p- Jj/ L$Jli id y~l i_iUaJl U t orbital motion 
y&o Lgjuj y Aaj ^>Ul ^y Ij^JJ IS y- J>\ J _pAi dUiS j beach ^ J\ 

, ip- jil 

A../3A>iA— ll iiUaJl AjIS eSjp"^-? iadj^ll isUail oli ( Jp~Ij — - dl LaSLojj 

^il L^o-o — aj jjJplil y« Lgjl^isl A tp cjI — 1 (j- 0 ^Ij^^il ^Lp d J*!Ap- 
i»iJs ^^*SLp V AjAptj^ t La^^wSsj 4 la . i - A*P i |p— ~ U.— J I ^Pt j oLd’^^lb ^c~s^Ia ^ jiL — j ^ p ■ > / a i 

, iiUaJl 4-vfilipiAfl (Jpi e5^" 

yS y ^y J\ iw--Jl wave refraction ii^xiil I t_il ^pJI a*jj 

iipwiJl aaIpUJI iikil J jia obliquely ^1 jpVI y yUa U>aao cl^iU? 

(_ 5 ^ 3 j Ut La oULJ-IS SSjUJI iil jj- jjjiaJl jAUaiU I jpU iiLSixp-l dJJi (_yAu 

head < ;; v 5 j'iil (_^“_ 5 p j^l A - 8 d-^p- L^«_o3 ibj L^sl jpAl s^Lj ^!l 

iiUa jS\ J^vajj (j-jpjJl oAa j>L 4 ii-oaUl oLil o'} *dUSj t lands 

l idsi— PcAo is Up (jiaLvO jUJil-l Ad dl — Si ya Soil ^yi^J t ^1 jJl ( _ J ip j-^SvXj 

. 4^oPtO 4d>-Lp JIpLa (Jd* d-«P- 
JjJLlll SlCpilChS ^-a 0^>ua3 oj^&j J ^ S LA Jl J) ^nSsjl L^pLojjLj ^-1 ^>1 0/0 

t U * a. A>wa ^5U>»il L«l 


AjliXl SAi*^o 4 . 1 Lgjli ^isL_wJt L^**i lj jJl iSy ^y- u! 

. U ^ ~j oljLxJlj ^1 ^jS* L-L4 

: ( Y • J5Li) Berakers j~ScM ^\ j/i ^1 y\ Z^ _i >- yj 

: plunging - breaker ;ImYI jujuui $i JaiLmJ) g.$JLM— ) 


L& JlX£* t ( L*j^jqj LAj!a>ejl^ \ ^ v^tfj 

^jJlj L^J < j/3 y&± (_5-JJl ^bUiJl jj_>ws l5 Ic’ yjj br t_iJwP ^jSbij islkll ^3J>~ 



(rr)Jtti 


■ill&s-lj iUwjall oLJLl jjJ) oLLt ^ IfJLSil ^y> ipj-Jl ^ jM £• l _ j -> jM u-*i ® 

J~£>j lf~°S guy e~9- lSj L aJl jliil Jl tSj5ljJl .Ml y dj£j ^l— ill j y^fij lS.M UjlX. 






: spilling breaker a qJuumJU — f 

Xj> l$x_SUs> Jxd jjXll j 5^-jlJl £jtll j-* i=rj-Jx_o J-J* Ji J^ 

,_jjlp j L^'-ls-aj U oil c-j L^Ajw3j l^xuU Jl ^ ^a-l-^ J^ 

J*UJl Jp U^SC“ .up l^o Jjl ^j> DJij (^Uij foams, 

: surging ajj-mJJ wLujuljM — ** 

jl^xj Iaj^-SIj jup 1 gxSUj t 2JL>LJ] Jj^'i/I 2 — ajJij ojp j~Scj ^ 

j~*JJ J tgJ J> jjCj 1 _ J xll J-l j~*Jj jaP l$XP ^XXjj J^LSjl j>«J oLil ^liJJl v—a. — J J 

( JjU js-tJl ,_5 jIpj ^ Sj-_J oLaS 1 jUIxjI c_^>« — 1 4;Ji>-UJl cjL~XoLS 

, 1 l l 

Ja>-'5li j! L5 Ljj c apJ\ *Jl i_~volj ^51) tjJjj l^jjli J^'Vl j — L oJXPj 

^-Jotll l jJ> ye . , J^Li J J^ LJJi 

bed load pli 2J Jld La jLi jtgJ’ill J JU-1 y> !—■ «£j 

I j^i iJl 4jlJa~o ^5 4 _a 1LJ1 ^—AAolj^Jl iXd 1 — ili^Jj t ^A&ilj Aj2j j L ,j) 

25 j>- t^js-L aa, L Lili j t swash JULlJl Jp J _JSM j»a_£; 2ik> J 

LwUp 2_v?Lx <. Jwall Jill 1 — “"“Ijj j-fi ^Lo ol — oljij i—jljla^>\ l j* 

o JS IL LaJsj t4A,l Jl J j*)ll ^-1 jj *l_ 5 £j> J j-a^l 2 SJ- Jl — <L> 

^jip ■ ■ ••-■ Lj Sj aSLII as^J! ^J Ji, a dJl*Jt a — — A- l Ols Komai 

olil 2JaAol^j ^vox-oil L^xslk i_Jt»- Jl i_^lj J ^>£xJ ^t25l Jl 

j £xJl Adis’. r Ajjldilj I^Xji Jl ol oljjJlj ^j| j.L-jjV 1 t)l L5 t j~»5L5l aJ>p jJ 

o. ,-j JJL jl JdJl Jp il ^>«iJl y> La 2J yJ-\ JdJ jWo surf zone 

c\.(Vi J^) 

aL ^< \jj nearshore ^UJl ^y> oU5 

wj ! A — IJlA j jl — J 

Ja>- iJlow Jj>-L*J| (Jji^ J >x ^ aLwfl flj 

ojIJ lil L<> SJL>- ^jUl A^>-lj^/l j[ aj AJa^ijj l— l£1j j£- t ij jXaII 



£. ..Xii dJJi ^ (_y*J _pl iil? ^ISJl (_. > J— & 41C-J*st 

lixxs*-! kXXP 4 — >- jiL jIi-xLIj p-ILI o^L— *j^>~ 4~—& L*mL%p 4«-jI ^ — •*-*>* 

4>- j^Jii £j»-l jj j |»*x£S <L> St>~ L> lil L>l ; t — - wj IjjJl i] j£- 4_lr>- y> I_IJ ^IsLwJl £tl a — j 
. iw^ul j J>S ii j£- N iJU-l 0 1a ^ Ails Ja 2s 

Jl>u i_^!jjJl Jij oLU_p j/ 1 U;T jS’S U o! ^iljJlj 

, 1 ^ f. ^ d*i <0 j} * ^3 LaJLjIaj A*j3*Jtsl“l i— jL^v»>^I| ^jA 

High - tide - and - low - tide j>fl$ *Jt> — w 

tAdiip-til <L5li! vuL>da— llj jU*Jl »L* <_jLej aS" j?~ -tU 

5jUp aIsL-*— j ^aj t jA-dJl <j> — ?-bJl «LoLM (_5ji L*L.I 1 — 

A^~«JtJl J Aj^o-Sdl <LolA-l I jUrJ jjhj <L3lll oU r , la .... l l jl jl>*Jl oLa ^ oL-Ldj 

• 

dur- ^ jJl jAj - <Jj^ l^\ 

<, a_pI - Y l JL>-I j jj-j>- J J->-l j a__a 4 — « — & s^-ij naltide 



uil olJu <ui semedumal tide ^ jJl 

^ I j£\ f\y — eL-Jlidl t 4 jLLw^I 

. liAiLu 

. tidal currents loll oljLdl libs' Ujib ail IS 1_vojM jyj' 

_y & j ‘jjaMj ^il SjaIIo! lol — gjl i j^sS\^aA-\ ye tidal - range <_gJli JijLjil J-*jj 

, y J*l J\ J* csH t y 

estuar- ILidl oL>Jii-| L^j j& ^xJl S_>. y<jdl Jj-I j~Jl ■sbjj 

0^,1) eSwUSdl Js-Ul ^ fundy - bay ^xi ^JL>- ^ aU si\ J^oj duy- ies 

.( 

iS j^— v=> £=Hj) Severn j y>—^ <jpl j u-wa a ^ 

. l—A^aj JsuCJl yj> OWli-l si* Jaa-I ("l A ^ys l ^ ^ ^ 




^y> jjbj Sjjjll (_gJ — Ll (jjlAll aj j 

bl — ol — >-bUlj 4__ ; _daLiJl 4 — a — vs’_> < Vl jjia j ^ I j~^S Ijji i—jdb <Ja-w>- 
•a^a^ — jo j 'ybLe. — t^ail (3jbJl iS^ — ® bJJi i_oU- ^Jl t AaL>-L^JI 

, bail cjIjLxJI <i ji 

*Ui>-jij — s ^I p bail oljl — ail jjl <Lil_x!l Js>UL!l ^ j 

• I^^VvJ l 

fr* — « c^aii ^^l^il c^ail -'jJ. — ^ ^9 — » — oi-b all a— pI ( \ ) 

. i_jLu j)J\ ji o>aJl; ^LSlJ <J| J jJl 

aa><J ^ 5 ® I jj* £ 2 , r , fjl l oL^u.li-1 J^-b bail oljL_dl ( Y) 

. jj»a«dl l^abi ^ja l^ai 

inlci ■ealoLiJl ail «utia,<i ^Lp sbablj Ji-Jl i— *9bj jyblj ail (YO 
bor- ijlijJ-l b_spl>- La sajJoJl b^_J| ^L^'S/I cubSb a_JL tide zone 

br c-wi: J^p ^J53lj . baJl o L a ^ rowing- organisms 

Sjjji. ajjap- ^jip olLLlj JiJl uJSbu liiiaS" cl^iilji ^Ip p-lj^Nl apL*j 

. C M«>U oljjij j-C JSbi u* ‘U^CulSb') 

; j-bjJI _ — *. 

— ii ^y* ^a-jap t _}Lb« ca>u ^J^>b — S' lAjji ^-Ij^JI 

! <ijhj| JjJadil Lg_0_ftil jJioJo 

. ail'd and semiarid coasts bULl <uL j blbl jbLil J^l^ _ 

. out wash plains ^aJb-l J^s J\ J _ 
.sandy beaches bJu^Jl ^tl jbJl _ 

b oil — P JjSvJbJl ^9 ^-Ij^Jl jji 0^9 4 L>-b«Jl JaLc'ill b ii) ^^ip bl 

. <t^fel (J^lj 'jj' 1 


dUu Ju> l* J lS'H I C IJ ^ S^'U! C L,JI ^ 

y i_Jl Jp o»U- - j** J JU-JJI >UI ^r'^' 

. U ^liJI J>-L. j LlUa^ ^ > J-^j - U- 1 u^J^ 1 

JL J\ cL>Uj^r b»oxp il j>*-jS JJ o*U>j I-* h>! jr}ij\ s y 
^ JuljJI J yJ& jdl ol jAJl dL>>cJ 1-ojbUl l*-/ 5 -' 

J5£J Ji jl ^yda-Jl cis-^l; *1 Ji jt 

viJUS Oxjj _ V" 1 j^ 1 Lr^’ L** ^ Cr^ 1 ^ 

<jl>ji ^us^b ^uh ^ ^ J 5 ^ ^ ^ r ul r^" 

^Ij c^ljx.^) lAjj-Pj ipj-M.1 jL-J^Jlj ^tL-iJl ^ iljl>» ,y 

.0^ tSjr* 

4 _uL»-LjujJI AihUL f! f Lat-ft *) 

JISjil V_4w/2 J ^yS j»J_Sx£w*J 0-UJ — (=• oL>«-Ua-M2 — a -^" Jr 1 

*J*LiJlj lore line ^UVl ^tUJIj back-shore ^jAUM ^>L^' <> ^-bJl 
i,U _^ p coast line J^-L^Jl Ja >-j short line ^i»L_4il i a^-j oil shore j^Jt 

. ^ybUJl <u >- ' — As^>j ^ IflSj 

."it 1 » It t c /.. /-> t] a^i>r ,x«~j neat shore v — ~^ty — il ^ybLull a, a.. »«.J b 

Laj| <L_i ^a~y ^wUl ( Y<3 ) j JSw iji L«— S’ *eL>-L^Jl 

iwO^JaJl ^yU *iJl “OliaXj ^ CjlpUaS y y (_5^l 1*1 — jJl ’“■“’I 

Jl j f-lrJLJl 

[ jjxf^\ OkS" ol_j Je>~ L^J n_ j*Jl A. a l ad a-^cJIj l»1 

J5 <_$1 t y>t— Jl o \J- contenintal shelf c^jUJl JjJ J\ ijJ&- g> jJarj -ul 
(_5jLaSI I_i ji Jh I £LJL ijjliiilj 4jliU 4JL*J> J-X~i villi A*j ^j^jlJi oIj^Lj <Lo1iXj1 

, ( Y n ) o^v^L*^ jJS" j g-la i ^«l)l J 



H . i a ii h HI i jM 4*<4j5fl J LCui Vt 

«* 

: Submarine canyons 0) 

£a> U <oIa y> J >>ll!l 4,2 L if ijj — O'* ‘^ JIU 
,3 > yxiA >“ i£j& fbij r Ut J-jxJl yiaUJl *uLu 4 y Lu~ 

yo By- ^yilll y oU 4^>L4 jx*J.I <jjjb)“l Bt J'^i tSJ>*-ll oUN^I 
eL-fl y ^-Liijl d jJj>~ yail lifl y~l 1 ybl 

, ^>-Lv*X) y>-A L ~ J ^1*-,^ Jiu>«l.l 

Lgjt (_5y _y ««■<£) I jjP IJL-*-i 2 ybliiJl oi* oLIj j .. .x>A j 4jjlii 0>-yj 

( *>il j yijll t^JLy^ y-Oo turbiiciity currents cjI^LJ £& 

^Ia SA_o 1 >d» L^J-^ £jlo ^ lvLj^ ®'^ A J* — 1 -J^Aj c l-wIj^JL 

.*>11)1 

: Beaches -u-Uyt ^ijjuUt (r) 


~lLI 4-o*]}\ — a yu U>y 4 ..r? a >*X& *-*j ^^La 4-1** j c*-w*lj^ yA °jb-*A 

f yXp L^jL-^i L^lSsl ^blylll oAa -B)~l^ ^jij^ll 

lOW trC- yai>w> JO y olij iijjJaJi £-jyVl y« C-JBT B^i *U3l2jl j^-lynNl j-Jyl 
4^>-^i! (J j — v oj ( Jy ji ^jVl 4 — >-yLl 0^* el) — s^l &i* ^y* qucncy 
y ^lyMl oJUj o 4y_lu y ^LjSjjIj >LlD o-Uj tiJUi yp ^l_jj <U_>-*>Ul 
2 jjv> y yb Lo SjU y j constructive waves aJL)I g-Jy^L o yu g-lyNl 

, I * ybb3l 4^5b^w# 4^«^wt* 

high frequency y > jo yJl oli iL*jyJl s^wxaJl 2 y>jll ^1 _j — #Vl Ut 
CU><J ^^i-A (J^y; b> 4^l2jdlj oJjjil ^1 I yj LfXA 

(tUdJl (J-v^ (J^9“ It y 1 ^) t) 4ij _yil £-1 y>Vl oJsA b ,.U L 4 foUj t4^»wljj 

J.4 — >0 Ljliaj^j ^ys cl — gJ yyw dr 4 ^ <_** 

4 _^»y y»Jl y*j bars 4 _Jl»j jy-l y->- j) oliLa- yj^SLj ^jb 1 ^ L . ".l 0^—4 Oil 

y 4 1 ^IjjJl oJ — & I ~~*^ — ^ v yj cybL^lll ia-P 1 - 

i 1 iHJj j ^ 4 a Ip , ' .. a cSy**^ ®y ^fbil)l y**** y-ly- 

. JvaA) I ULa y SiU yll constructive waves iJUl 


lil>- y»LiJl jyb l cXs- Jdl fLol yj ahj y ojjj oil i-y-bj 

t ^1 j 0 JJ*\j Li. — >a ...i -J M ^ 1 b 1 t j-3 a'Sli L-— 1 j *,aa . , O L-) i 

, yixJL ^-yjOj backwash ^l-U j^/l ‘ul.ojs- 


JbJlij t b« 4 j y aLa y ybl — jjl (J^yP-c — a Oj5m j^i-l «LlU- y_j 

b jS ^>-!j_x]l Oj£> lXAj . ^laLiJl iiji 5 j~- »S3.I gj j — a"Sfl »C» > ~J j^J J-t_j.a yb 
ji_S'l JU yi y ...?Sj l)jS\jj t-dl abil gj j a'Vl j~SJ ill — 9- y <dU , — j jjjUilb 

. aJLM OkXA ^y U- j 

sand spits JLuUjJI 4.;.,uaVl (t* 1 ) 


Js jJap- J ^ if. j jJajj <_Jb>-L«Jl i_jl -aj^ll ol ylb y> -bu 

_x — *j Obj-b*- ^ t y ‘bibl—JiJl <c>-ljVl cjLJL^p Ij *9 Oj^j ydl 

U-i y hurst-castle jLJ „l_*j j . ^LJl ab£ j-^Jl y y»-li_a JSbb ^LaJI 
yyJl JU-JJl y yjJaLiJl b~lj^l j j£ iiy recurved i~>d,l iLJbU Ijlsj. 

i t ja/ia y^-ij — -* 1 t jy j — Jkii i— y%j Ol '.,Ul ob^.1 ^y 

(-£0 Jlj3 .bb — a^ ( ) ^-»l j y° o^-al — y Jl -bb—a.} Ob«J l^JCa lA-J^t-yplj 

ywdjjJl 4 a/i OL-j al>- I jj>v j ^ybi — >iJl ‘O-IjNl jUj aLs£l iJjS^j 

CKiJ 1 jp^o- I jyS l^d 5 ?" ‘Cjyi l_^-aljjjl jjix ,yi <ui»« ^Jl J <CjudaJlj 

L-jl_.l i . j -l yi L^> ( _s— Aj_>iiJkl obLlil l — ^ 1 *lL?xv 9 * 3 U ’■ a 

■.Jp-UL 

Cusps 4 iihl u itl Citi..t>i u (l) 

JA ybLi i_w-ljj ^ scalloped ridges s _^Jc__a oUb- JSbi y 0 jSea" 

j»JJL_J 'i/b^LO Lj.: — a yx Sj^_5li ^yaljiL-l L^-o J-yJ - i i ) <uix>s^ j»l >«J»-I 

oU-J.1 y-rjj Orri 1^0^“' *J us^rj^l *101, _,!>U ^ jr ' yMl £-=H y j 

r U a*j trip-current ^ U jL^ J\ yji ^L-J J5bi _ _ IJL^I 

jbLa y Uj^y. ^-aj t^ly'ill AiJaXa y LJalp Sj^U jp-|j>- olC—il 

tin J SLi, ) yi5 <j-b jjj^La J__p Jj’Sh Lgj"Uj ul Vl ij>-i jJl ya 
oby-0A-Jl y>-\y>- Ji— ° <>ij-Jl (_y j— >-1 jj Jlsbit ilu* j . ( , i_j 


c--oxJ I ijy L_L<vjp 


. La^pj aJLshLJI 

J l ^ J CjI jA UaJl ^ ul 

• ^J-v-/w<X3 4yi«>~ LwJ l 




(T »)|Jj 

Coastal cliffs 4 <u.l (t) 

* pUj| oji iJl J jb L Js- oLU_p j*Jo 

vajVlj JJ— $> ^Jj iPjj l— « » — <Lm£»I ^ »Jl 

6lla-J_y il) j l)IxX> — P ;( T j»J j Sj^a ) — sJa>L»iJl 

: U>-LJl 

under cutting ^yUJI ^^1 5 JLp (1) 

xo\ji ^Lp oLaU hydiaulic action Jxi — .^ xJIj L^L^i Jaj jij 

U ^ ^Ij^l <c (jjSlll cu>*Jl oLU^ i_JU- Jl S_JL>-Ul ij j j^A 

• t_ykL-vJl jJlj oljjlS' <Li j>t^a olxXAa ^y> 



(n ) 


plkjjl bU 3 b l$jb oIjL^jVI ^uLm«J *Wv^Jbj) ( wj) 

I 3 **~--i3j ,| t— «., i' . ? , 1 j L-o«aiaJ t I ^ y b bvv3 1 ^ I 1 A3^" ») I Ji Cw^ hi b ^ ^ h«v) 1 

. *L\3 ^>b ^ l ^-vvsi I 0 jy ^jg<$ 

Shore- platforms ^uiui <LL*#j! (r) 


kA.P*C»0 (1 k»vvJ 1 ‘Ltfi-Lviv | J^S* u A , * -C AAvC^J) l Ai"*i*Ls hw h»vi I 1^3^ 1 1-0 63 h** 

eij jJt*I £J>-I y O-jwJIj 4 — A^jj\ OwXA OjjJoJ Jij t j>x^Jl\ Jj^Li pJbXvt 

C 4j I CJ I ^* | ^ i ^w^h^V-VVuJ kAj) I i .^.ii S t bj l O' U- 

u z>~ ^^L-vJl cJjJU 1 sa^pli jup high tide mark oil j* >jc£j 

. ( j*- i » *)b-U Jil * — J 

* jjJ! .Oil’d 3^ut*J Ldu9$ rimi i^i fci i L juuJ I a, a «u3j % t I ^ *xkxjhAmt $ 


L ^‘‘j t^Ul c^j>«jJ|j w. quarrying ^il 4ixJ ^il <uiy £>jVl (t) 

oLbxJl ^ ^ljpj*Vl C-Oxj «uv» jL ji tidal platforms ‘Lull aJu& wJ _^>u ^dl 





la Lp 1 J 4 Lj J 1 i — ' 1 *^a 1 1 J l^g^dU 1 A9 1 la > Ia j J) h 1 Ja>kJ y J 4 <La*J JUlJ I 

. Oj.ajil <J^-iaJl £-3_g>il/l Cjli Ja-lj^JL) Ajl^>j'i\ OklA 

: vvuler layer wealhering lolil 4 >^>cJI xa£Ul AAsaj^l (c-j) 
^^iaLLlI j $>* — v2> j^Ip oLtd^lj ( J1JI <— — ^ L« xJ <e>wj «( Ja.ij 

la q^Ip ^^*Xll g ^alkX-ll ^-A ^vwsjl ^ jAwwid . 1 ^a ^ ^IpI kX^P kX>"^j La Lajl*^ i^LiX-l^g 

LL ) j iJ LS’ g (jljU jJj'-lj^Jl J>^> J ^—^Jaj'j . ^Jlsdl all A a^)L*j Jsuj’jj 

■ y^XA i /A kl j i.^a^kli I ^aa^dl^g ^akP™*S/ 1 ^ f ^l&wJl 

! j>J ^*JI 0 *p»x!|j <eb^ll Ajufij I («^>) 


olS ^J_r>~ l j — u J , — p j,g.Uj j low tide jjjM ^ a.t/ 3 j\ Bird 1 — j-aIp jiiJaj 

w> jp y£f* 4 j—hO£ ^j^lxa y> Jj>-I Jy* JJU XwJiS" <C j * — :y 

ij^huJl uLj.'*“'^l aJx^l _gj CX>eJlg *uliNl <uLa-)u L*uL^I Lfejjlaj JaX/jj '_5 cLJl^Xoal 

J."X.Aj g 4 J^P 1 c£'-t.a *' MaAicXa *Ls Lis» C->li £-lg-ab ji**' ‘i-JXj J a gUd-l 

t ringing tlJly^l ^"^1 j*-^l j~*j la gi xoLy^il <eiWl — 3dl gNl £_g3 Id-* 

'j,® v \ ^ ^ \ tuJJyil ) tu^^l i J\ — u-cJLaJl J>\yii ti — tu/sj\ liUx-Sj reels 

.( \r\ _ \r\ 4 ^ 


LU 


S^jT aJl>-L< *!_*>■ jJ ji j y> JLSwl vJjj-sM JaXijjj 


i^L»../a3l ia^ias’- JjfJi> i_s^^ l Li^»iiJl 4_i_g^Svll jjia d*>nJl oLkla-P jJjiAj 

y >* J ^yaiLlil 0 ^Jas IJ — og 4 4»ji*^siJl ^ [AyS-j jJ^/sUilj ^3j_JLiil Jia 

La rtj jXj 4_i =^l <U-9 i^ 3- (3^1 — & Cy ‘L'•-^* w:, J— Jij cja-lklll 

w- Js jj__»u»va 3a Jl_*uj 4 Ajj 1 p J>ed jyP o^L-g 1 ,_yP j blow hole tJ yv. 

. Iu»*l jJl j _ r jldl oli •uyjxJl 4-i j^SLU L»-ijX 4jjuUSLka^il AXuix ty’W 0 tjs^ 3 ^" 


aLaXl ~L> £~~, (3^ <S (* ^ 0j5vj iwA^Sdl c-AlL-a jl — ^1 (jp - ^-oj 

oj*>LaJ.Ij ^1 ji'Vl uij_g3-l Jp~Ij — ^ i_/ OvanxJl jjp i^Ul oljAUaJl 

^Ij 3 L r Js. jJl^S Jjk; ^p JjMlj 4 arches and stacks a,^JI 

vX-'U-l •.—>•• v_^kkJ ^ y>aJl i— i^SOl L_jiit_v) jl^X; La JXP _} y>a— Jl oLa J ‘LoU ‘C-P’J I 


l _ j ( 3 j ~- 3 o ^5 ^ll «bL-^.j j^ l a.) Oj -4 ■’^.vJ.I 

. 4j j>TJ iL^. 6 ^H < -<Sj > °. 

: J-**I^juuJI £l$Jf 

oNl -t>-jj V <JI Jp-I j-Jl i^ju^va_Xj |»IJLL) SJjAxJI oNjls^-l! j 

i_jj-ls«ax]l ^yL-P iUkl—pNl hilli £->r ji bjj iaJU-LJI JlOb^Ll J^IS uiwij 
^ t y_p ^yv^Udl j genetic classification oLidl lJ Lp ^LiJl ^ Jiil 

, A^JL^Sj\\ old • '•.• /i .’.ll 


d , 


: 1 * t 4 _ j) hi t.l trt.'i : ¥$i 

■ | ^ *— 1 ^yJj o t .'. J l l yip l... d * * * /3 - 1 1 l*XA kX^sAJ 

: Submerged - Coasts 

^ — tr^J — 8-^ t j — *^1 (J* — ‘"-"-^bE uf^i ^Jl !jAj 

■ 1 “jjl-? 1 * 4 cl)l>»f>- J-S^ 1 (_j* JtljJ b_^li ^->“1^*1 

: Emergency - Coasts r± IJ>-lj-.(T) 

<Jp-1 j~* '—■’ , -k > “ 1 — »-li« “tdJ-l “blil C~ J - ) '~ J j^t>- 

^yjx^o hiwij — *j ^,^.l aj liJJdS'j i l_jl!a^wi j IjxIxSwI 

-b^l ^yip aij tjJjjjJ <j^uu ,_yip JU-I LJbu 

• J>eJl J^Ui 1 (_S 

l_5® < uLaj J>-lj>- — «l ^0 tl)j^jjj>- J^p ,,j-| { J^-| 

.lagoons ol j^->j jj 4 ^j -LaJI *Uiku 


: axjL>ta4 (♦*) 

t5j— =^1 jL— ->oNlj ^yX-J^ju 5i*^p Lf! JISLiL iaj js 

oMlaJl ( Jio “Uitl — slJl oLjScJlj jl Ojj J^\ CjUvu U ; “ j 

• ^j4-pdi ^ybljjij _/Jl 



: ^l^iydlCO 

*xJl a*J^> — p O - ^ ~x~ *^ ~ ^ ^J^" , i-“Jl *j lj^* 1 3 

. dJi-iLoJi cjLsaIL 

\*\ l a — Shepard jj-j-u* i n >‘<^“1 »_ 

1 | ^iwP La^1. „ *^j1 .A^WsAJ ( yjl A>3 * 9 wVj ' ■ 1 ' “Ij^J 

! Ju L«_j jL^axp-Li wA-Xyaxll \jj> , 1 — iL/» yJl ^1 p XoXbu 

: <i±J$Vf J «-l) “‘ ♦> : 3f$l 

^U_jjl £.« O y*S- p J ^yl jA C~>d CjLLi — P ^Jj’-Oj olSl^o J—P-ly** O) 

( Ij^Jl ) A* jljdl jL^jNl ij? (J“' 4 “' j j C | j,»....«Aiyl j^Jl *Uji y'-Jl j^ d 3 «** {Sjr ' •"** 

.fiord ( objjJJl ) oLv**j ria 

L^x.« ( ^jjjLuJl \i J ./a aj ) cblSLiu CO 

L>»i y>t ^ Aj.Xd-.dd OaLoL^^Jl ^Jpdyv*^ — ^dl '*“ — 

• '-b.^l'h 

. U'iUl ^-yils Jp-I y» Ji- 4 VIS’ olisLtxJlj cJSwj J>-Ija>i Of) 

^_jwLvfl_Jl ( Jp-1 y* Ji— 1 1 <L — J ? jN I olS’j—pdJ A>»_bj C-lSJij (J— >-\y* CO 

, oldjXJ'dl Jpdj-jij 

: ,^JI utiilij <u$jllJt J^I^juu J l _ Lud 

, vJ jyU Jj>-I y» Jio l 5 jP'dl OPxdl Jj»JIj cJSJij Jp-lywi (0 

k_A-x^axJl b J.X p Jij t (_5y^-di oLIaaj cJ^wj ( J>-1j^u CO 

ii oJ^Jd ^J^ajldL £j>-!j ) Add — “Jl CjIXaU JpLcNI (j/U'U Ajlvah - i^l^dl 

( no t r\i ^ i \M\ 

(jJJl \ *\ 0 Y aXjj Colton OyijS t£y>"Nl “V*^ — J~l oljU^^aJl {j- 4 J 

; jLwoXp-Ij |t-^AXj_j jJ>-lj-~ll ( J^5v»ij ^ oLJjXSUl y\ <ui ^vPji 


c.i^jjJ-1 ^ oLL > — *j LgJS o_yb AXiliJl ^ — ddiMl 

<L>- jJ jij jj* oli t j-»JJl « ; j»L~i1 aj^j 1 — Jij 

• '■ttjjy 


Jp j -(j li J) ^Jl eld — % j>* — ) d -* jh ~t£^ A — Xj L- — S i (^[^"1 J ) ’* 4 

* ^yl^A^Ul 

*s>- (_siJlj c. Valentin .^vdts ^Jux^v oU^vadl jaj 

y>xJl\ y>*j J Jl j>-Laj dll A^i ^51i jdl ( J- >_ i^~ 1 'J (*’^ — Jl ,_}>■• l_J"' ‘J 

(.(_^- _jl cjULp Ak^.1 jj progradation jLljNI ji jL~>*JNl ^ y J 

c^>Jl ojLJu a JjtA-j o y fi5T jl J>-Ul j ^ retreating ^j-ljxll Jij 

,( \‘\‘{\ tt-iljJL) J^vaixJL £J>-Ij ^ u£ w r > ’-^ 

( Ail> 4 j uiIjj ) 44jU>j4l 


^-dj 0^/1 '— , -*-sJl ^ Jjo- ^ ® jt: ^ a^-jJ-; a**1»- jil JlSCJ.Nl ^wbed 

t-^-1 Oj^jl*^ |%. ^wAj 1a >»< I \ ^ C L^JlSjil LAwV 3J^ Ad-P ^j-Avd La* Llaj 

! ^lj 1^3 1 j LoS oIa1>-j 3^*^ A^jl>* ^-4 ^Jj 

JU-jd aJl^-UI JlSCi^l .kJ wUj" : frniging - reefs i-jU-jdl >i»V( ( t ) 
l)^5d k ol — &j ^>Jl c,Lj£ La — M j L^lj ^Lc 4 (ci| ^ l^Lieal La» j,..JSI j 

o -t^r J—9j j_}Jd “CjI la; j ~* o i ~ju*p Jz jJujj ^jlsLJdl -U- A-JuAliLg 

'-^-~"lj Jj A>dp oL — o Jy> Aj ,_yjlj fg i — jl^j'Sn oL ^A-iaij jl 5 y* 

f-L*oN a»U £v*l y> 'wJx-'SIl ^yS Jm olj — ki 0 jS3j |J d/’J i *a*Jj 

. jd^fl j 


1 ' ‘ ‘ df 4 ji-Sl jb — fl| AAvij 1 — 4 t yL>-jl| jUs^j/l ^jl 

AjIj^Aj jyXS ^eJaJl Lot t 5 AAj jA*JJ A^“l jil AJU- jl»b»ol Avail t y-* 
. A^SjUil g.U-'ifl Jjul; CUPxdij AiliNl <y r >J i ol jAfdJl j (3 jjjjJl i ySj (_y*~Jl 



jUs^/l £tJa~*> *>Jau«> J—jloJj t lj-S_o^j js—»^> j— is * l -' p U-^aAi j-~* ^ ‘ 

^1p *W5^p -U jj il J>-14-Ij , o jiS'j ^l_j— lL^>- ^jI?-j1I 

ji j , j jA-l jwl^- aUil JjJj'- 0 *j>- j ^ ,j-« ^/3 j 

, itLr>^vj *LjU.I iillill il) ^5 vj la-tJLP tjJJi j) i^jULjJlj j^PtuXL ii~w>o LJisI J>-l4-l 

, i.'-'^Ul *lxjl *oJL 5 ^ ^Li>- v_~ jil .ill ebji U^l j^-lj — 4-1 jij 

. ^.^3.4 j>*Jl J>~l^_j JIj^>- JJjU< 3-4 AjllaXa (J14-I La-lia 


! Atolls uiLoXi-l ( t* ) 


■uL-U <X jj jjJ-iX^Jlj (jJil^Jl ^jJx^ll U* (J** l_S® Sj^l^aJl a.lfc jji — o 

o yLtJl JJkJj ^y> *Uj^-J jl ( j L . fl . > - SjiA?- — i~A ^ SjjLviXJ A — .ol>~ ^il 

J.b-1 <lJl>- jll LJij U y» 5 ji 'j>- oULLl oAa c*LUw» X^~ 

■uU-Llll 6 ^v»«lJ1 J ) pS \ *\ • ^yl—s-^l Jjl> i— jjAllil j jp? 

. >u«Jblp yr J y>- oIaL 4"1 o4ja Ji.4 *ii j • *t 




Atmsphere 




U j£»j LJJl v' >A ! M o* lJ ^ J ' “ Uj " 
a Ui^i oljj V US' lilj ij^ljbU iJjlail aaIpVI c^iLij5v« U~~5 j 
^/ia Sjl j>-j j j-bj {jA 4jlU»J.I Uiu JtA>- {jA 

• ljk j^b hy°JJ> <• £^Vj 

; jjtiJI JlSliJI iJLi$£*<i :*$( 


J j~uLl ^y> villi £wil> U>— S (.ol jUJl ^ JaJ>- {j* cSJ^' i-it)b!Jl UjSUj 

I ( j. ■■ j lJjJL-I *JL <L_*wJjJl oljl — *Jl (J-4 — cS 1- ^ 0 ) (*-®J (_j^ — 


cSjUJI cj\j$£a 


4j j^i.1 4-wv-J! 

jUJI 


VA, AA 

N 2 

uirrjr^' 


Y*, W 

02 



♦-,Ar* 

A 



%*r* 

CO 2 

oj^^SCll hX^uS^li 


• , * ♦ \ A 

Ne 

bjj 


♦ ♦ * ♦ A 

3 

He 



♦ ♦ ♦ ♦ ♦ *1 
7 ' 

03 

ojjj^' 


^y> /. VAjA ^ oljUJl o^Xa J6\ *Xxj 

SjI^sM jaP jLp jAj <, ^jUJl o^*JL ^i! cjIjIaJI < u ,+S 

. «LoL*Jl 

bX>c^4j - j»Xv£L 4 Aj^!? i^5? *CL«a^aI 

Aiiiixi! (3I_/^— >*1 oLL>-p *bil ij\ j£~\ j-^Nl jIp 

{ji_wj^/i i cs*^ o) 3^ {j* 

• *AjiAxJl ^3 ^A^AvsaJJ 

\n 





* P j yJ US' 1 1 ^ *AjC™ J aJL*J| A , . aJ ^1 I 

JjL*xil A--X<kP jV^> ,-t-*JJ <■ AjjUdl AjU j!k* y Lj^ytj / Y ^ A_a»aJo (_5jliJl L-St>l*JlJ 

^UUjp J£J oJjj^ y>j i^^l tS> u ~‘ photosynthesis 
(j aJj „ aoIp _ys-Nl j^pUxJI £« Ja-iXjj - i3l ^y^-Nlj ,_^-vvAXxji 

^Jikll ^jlc- j5”X-i jjjIj l$J ,j«J Sj — jw^'S/ 1 jv?L*Jlj c Oj^dl j*j 

.^Ullj 

^ Li>- S ^wJw» *u—J £-« (Jix oljlp aj*>U iib-A i— « i_^JL>xj 

»UwSl ^yUj <, (1120) water - vapour * III jUu : t _ # * c^jUJl i_i!>UJl oU _>Sb 

• 03 0 jjjVl j t carbon - dioxide 0 yj£l H 

v^LJLfrp ^ Aaa— wd ^521 ol ^ [ l-t>- aIaXaII I,, 

'U Lij t... S-A J i Oi-AAA>^llj lj_Jb oljLjJl ji_5l y I 4 J jS l-JL>- c 5 jUJl o^L-xll 

y '/, i yhu ^ji) I • iaiaX<i ^ frlj^jJl ^ A_£aa*o J *cu J~J p-U. 1 jl>*Ai c A__ilx>d,l 

i JauU /. • 1 Y j>*j (_5^X*aw « ^Lp AXa«*j c Ajjbdl AjLi^5v« AL<k>- 

a) y£ oNb- y *Uls>~ Jjs yj <,aj_)Lp j\ aJjL^ j\ ‘uLv/ 3 aJU- y 1 — y ^U.1 
wd Lf) ^I^Jl ,y ol^^-Jdl oJuoj t yU latent heat ax»ISC1I S;l jJ-l ^ yo 

, Aj^bl C^ld-fr-n-ll o^aaS* 

O^b A*.W ' l>.i u ii.i fr iAAA i t AAAA^^i 1 J i~y~* ^ J Jlp f-Ul jL_>*j 

Ajl^-jp; £L*J>y 1 yaz^jj <. short - waves 5 _^aaaJ 1 oL>-_jil 

, y> jHJ *ojl Ajljd-I ,_** bU \jj> frill <y>j 

oLUaj respiration ^^vjidl a_J^p ^- 4 * dyjQ I J-j— S'! L*t 

, yy£ti\ |JJU*x)l AaI^jP y CjUJI y ^aXxXaaJJ tt3lj* :> ' > ^l 

y radiant - energy A^UJi)!! LilkU Aa^L ^ca\ y a-Ia-oaI j yj 

a^a**^! a_jwVI ^Uceul ^Js- AjjJi y ai_a^a1 )j~* 03 OjjjVl Ul 

ultra •■ vi- A^wixJl yy AjuiMl y&y cSJ^Jl ULJl o U ..l a ,ll J* 

a, jJU Ia>- J j\~J> a*— aIVI oJ^j • ,T y JSM) obr^ll oli olet 

l»*JaAA* ^ylp oL^-l jJii JS' djjjVl 0 ^-i ^bH-; toUJlj dL-jjAl 


ym 


dill li t’ji- 1 djjjVl J Jij Ni i>“ 'dD-X 

jAikjo d~>- i _$.j_JL| ciMjJl ^ LJjdl CjUia-JL; (^* ^LajjI ^ 

o jjjMl i_«J oiLj aJLs- 'J, ( _ r 5UJl j i * — s**- — LjuiVl 

‘-ilAJJl oU^SO. ju-i Jj«j ^JJl dust jUJ! * 4 ^ jyj 

C^LJwo-P i.iJlS’ jJl oljU^I JJu oUi-*-^ jrhcu 

{j* ^yL L> i^ob- ^1 llfc J2-&J I oLLkPJ <,*U~pUaa) 1 • (Jd« LmSuI <Uyl»J 

£-jl jii cjIc’IAjj! jJpl cjIaJ» J x,./>i d>l jL_ j^X5 i 1 X ^ ^iy° oL.I»p 

U-* J' <J £rl iX' b\j <-s* 0 ■ uflp ' Otrf ^ 

t y« 4 j j»yb L» v_dl>- (_gjl*Jl oli yLo “by j 1 jbJl i_3'3^aJ1 

1 — (J-dp jt— X j (_j-dl ol—ijjJl A jliLC (iiJj_S' JUyj l !_j *~ — « — dJl — d^)U CC--C — “*j 

. condensation nuclei ui_j£LxJl 

• LaJI uIULmJI tmjjkJtjj i ty Li 

CIjL*u1? j\ ^Lw^l A-wjjI t yl| Li lo 4 (>xXl jL*Jl v-ilAwwj! ^wwmA*j 

t J 

yL5 A ^-Lo idiwj troposphere >(.a ■* a > h< J-iLuU ^4 fji-u ( t ) 

1^5\a*v 5 j>L» j Ja>- (j ji j ,1.*? 11 j *uJbwJl 4Jilajd.l Sji 

^—**1 * l l *1 (? t v , ■*^ > ** ■ 1 ^ 1 1 a.* •* 1 1 ( j 1 , ,.U (p 1 (n..i.*i*i»^j 1 ^ 1 . wLdP* 

• o'^^aJL p 4 ojj ly '/. V 0 aj j $ jzjj . 5 oIpLaj _)* li( *l*~*i! jil 

ji dili ^j^oul U_ij (il^jl Jh*p\j j* iji jjj jA\ 4 SJs» jz—ttSjj 

t _y3j^i\ ^ 5jlj>«JJ 1 — LwLval l^jljJbLvfl ^j>-yij t L^J ^yly—gJl 

UiMl frlj^Jl g r . .;.., aj |»-j lyj - U^i dlii £wxX. ■**M 1*^5" 1 ^>yj J 

wiLJi {J^*^ OuX>cJ La LvwU Lw« >,Vi 

^xi .h », iO — -0 iJU-l 6.1 a lS — Lp (jjlLajj c^djjjjNL Ojl oLa-jJ 

ojl; frlyo Jji ^»b idy> o-jwaj LaXp dJJi djJbxjj temperature inversion 
'-ZjiJ -t-i di Jju V-X ^ (da t» l—Jlp lJUj 


T1 


m 



Aj Jsuj^j i »_*»**dl aJU~ jjpi J'-L’ur l* b^Lpj 

JSj (, ( jJ>J^I\ £tja*J *> jL-Jl •‘I _^$Jl A-Jjj* fjk (5j>- jI__^-4X_vmI l^JjJo- 

dh> Ci\j 1 ,_yJL-xJl ^j*Jl ^ ^yoj'Sll ^t-Jsuu U~Uc- (_5 jIj_jL| 

• OiXjwlr^* 'jA*****!' 

(^Stratosphere *LLa* (r) 

|^i !? ^ e 1 1 ~ ^ i-*.^ J I j i 1 j Aw ^ I A i. n i An 

Ifj jbjj tOjjjVl j* y ibjj jVb jSCJj oUJlj j\ yLju^U 

oj^w L»4 iA^-w<>-JtJI SlUaJl ^yac—i^j OjjjVl oV tiiiJij ^Lii j )'yi Sjl j£-\ 

t ; c^~^* ^ t5^ Ojiwibj I Aj ^ Iwj AjI ^.1 

^ ) t ^ L r J| 0 - 4 Jl ^ u -^M 1 4, ^ J1 ^ ^ ;y |jj| * 1 *" ^ 

^aS jJ L^-,«-vS tXj^jj ^ J) 1 t^j3 ^ j A$* J**“ t>v^ *-Xj>"^ j 

0 j£, t^j-J ^—^6 ^ I l L £> Lw« k»***WAhJ[ j} <. ij J^ll* i ^ J-»^“ I ►til J U*J 

cS^i JjJi JJU-j | ► ivUA^t ijj VwwJ Jjjk-j I I — J tp^* 1 

ja>-ljJl 'ip Ul y JJI^I Q ^ L# ut jjJu viu^ supersonic cj^mW y 
^j-4 0 I Aj *^Aj y 0 jj^J 1 »A»vv | ^mmS^ I tj ^^.4 Y 4 V y ^lil j t^%j ^^*4 tjb /\ T y2*%ji 

tjl »X4»ww»w jj t no ^.■•^■‘.vtS'I (J^jl jt^p tfL- 4 j ^ yi ^Lw a ^SI 3^^ 

^t"i J J ^■»»-»«*A^ > ** "3 1 0>it*J J ^jp jj »J— J m .is l^ . l I 0 m Ii„... A| ^■i » -*»- 4 1 »»«<i’*»a 1 1 p*tltl jLw^AmJ 

. (Wileoekt D, 1983, P 98) ^y\ ^IS^I 

Mesosphere j+JUu$j+xi iJLi» (r) 

I ^.4 |^«5 ^ A * - 0 ' Oir! U cf^ AiJflJl udA £A> 

^J5j C A>- _p l^jl 1 j^ ». A ,.,.jTuJj t j^JUti^j^ *J| AAjJa 

, UlX till jl>*J LjJ j** j* 

Thermosphere JuuJ» (t) 

A • ^t j»- ^Uj jl jj.* AiJaJl oTa \JlJSj tjjljl yi~\ uitAiJl aJLLj «Jl j*j 

4 j*a jis n y* i^j.Sva«*w ^ y 4 *w ) 1 ^1 ^tj jjt v^^aaji ijeu^"! ^^3 x4 ( o 




^s» 



y> lUV ) Jrr^i ^ a* ^ oULJjjl J&-J y>Ji I £-k** y 

.(H 

jjfe LJx ,j~4— Xll y ,j dX>- ^LiijNl £-•• k* •jl_^"l ^kjjj 

L y>-jljl-l lfcX»- Xp 8j!_^-I 4>-_p (Jv^ j-a*>i_jjI_jX~J! (_j^k £~* 

ijjldlL l^j |t — *i V “kkljll A>-jbAJl o JA jJXj 1 f ^ ^ (_^1 ^ cSjkdl ) 

dl & Ljj — c* jXj X |Ja_j t. y?yl\ £*-k*w Cy* X ** J ^ *-“ 

heat Sjl jJ-l l«l tojlll SjS’j-J-I iilkU ^Li «jl _^A-I <>-ji Ot p~ku 

lo-^J jl (2?^^ ^ jy~*^ lK — cjk ^ (_j^^ < Si.d,^k , l 4ilkJl I^j jj 

^Sl ^Jlj t j*j**/2 1 1 ^*>^5^*1 j^S"! *0jl *• 4 **•*?" 

AjjI iilkil (_£ jwi ( j^li>tj| y 1 jill (_ji o.i_j>-_jll oljdJl i.AP <dj oj 

<uJaJl aJLfc jk*jj t IX>- l)j 5 vj ^yJlj l ^ w<b CjL 1 j_^xU XS^d-l Silkll 

“jkl c_s* Ui-^J^J pk$J' x>lji j-J&j pill jUjj djJj^l y 

■ yji\ y _ya> jks - 1 1 o fAXJ y>-j l$x 

-i-LuijVl iiUaJI tliuS 

^y^skaLXi jy-S ^l*-^| Jiki (jijl’dl t-i^kJl y >* J <u SilkJl ^ytj 

b^i ( c°oVY' • ) lx- i*ijy> ^^uiJl ojl^p- bj£]j . electromagnitic radiation 

(jkjVl <sJ^- ^^SkJlj (3 jij <t_>-_j_ll 5 j-^Ai b 4. - >. w ^>.jJl i.jtJl'Vl 

. long wave rays i>- jil U,^ ^il j ( iwi j. 0 \ Y I^Jjl ^>- ku-_^ ) 
*-*^l*Jl a j;- i| A ft' I X^jwJl 4^i*yi O^A t _yk' Ijkj bi ^ g fli ^SClj 

^yp-jli-l ai-l c*lv?j Aj^oXJl S_jlkll ^yt “X-J iiU (l)t jlA) (^jUdl 

/ Y ^ j jUJl Ak^ljj pUflill ^ Jj Jj CXiX IjX ■/ “t ot a?l >-9l>kdJ 

i_5l y> <L*~/’j|| ilXjlj t^j'ifl ^.... k .ti 4k-^l^j Jjji /, 1 j i^*>x^Jl ik^ljj Jj jj 

^1 i*J,' 5 /l -d^_>- sjj^I l*JrVl ^ «jLp ( albedo jJ^JNl ) ^k*« 
./. YT JXj (^jMl jjJMl dili ^Js-J (,^tkJl I^JlJLXj 
ice J^kLlj snow ^lill Jx, j^Ul X/U f l >-M| dl /JJb y.j^j 

JX ii'ljJl fL-V'Jb <ijlAll l_^'S/l y j£\ j__j ^ c j y^J\ j 


“'k^r dr 0 /• *1 dlj jJajj toLJl j ijjXll 



y y 1 -^ y JjJaVl ol_>-_^ll oli 4*_*ibllj 

(_$■*•«'» — £i\ £-1* — iJ^~j Y • <1)1 lLUS y > <__aj t^jLAJl <_i!>l*Jl y ^ , LA .,..]! 
Ut t ►111 jl — »o l^v£i)Uj olds-j j jb — *Jl <da*>/l^j IJj>-j \ ~\ l^o y 3 ^ 
jb/l ^Jj /, £V jl o*A>-j tV l_Aj*A3j <U3Ljl 

JjSLi y /. Y ■ il xj J^j J^r -' 4 ' 5 V ~> t ij^i Lo l$Jl jJs>l ^-jl j c jL>-^j-C 

, 4j jlj>" «L>Us> y *U)l} '/ YV Ujji <U-V»J AjuSj <U>* jil aL jia 4 jiHi| 

aaJxII ^ o .A_^5i ^jilj £j> ►111 jI>«-j ^ j_>~ j V jJ <jl jS'jJLi 

l^jlSCal y oU-5" A >~ jil “iLjls AjjI jj- 1 5 aJi'Vl oji C (_5jL*Jl oY)\ iJl y JuLvJl 

^yiJiP^j y> jbll ojlj>~ CJlSO J ^ *1 — vOJl}\ y LUJl jsM oliJ? y I ^-Uxjl 

UUuil ^jMl 'Jji-j vV ( °'Y ) u- f°^° - Jl 

1*1 ^jUJl < — i fc >L»«Jt iljjj'yi; oJjaxJ ^11 j *111 y L^SCp 

.\Kaj ^ *U»j tj aX-wA-a-sa*j 

iL^iaJl A — oL-j>- jll ( ^ Uil ^al ) j^-vaj — P 

t« Green Mouse Effect ~ a^U-jJI oLj^xII » ^jUJl o^UJl ^ Ji-Vl 
^U>- jJl Cjl^-iu 0 JL*«5l H 2 O ►111 jI>«j ol ^jlj. v^l e “^ J>> Cft'SJ 

, <iL^JbJl Ajw'S/I Uj*J jt jA AA^ibU AvS»lv3^ <| l 

t^uiaJiJf yJI Jb^ |>4 jUuht :L*j|j 

LjjJl { j 0 jj*}\ ^y* JlSsil iHxa tSjl j>» 1J JL_Sijb/l c-Jl>- 

: aJUI j^kJl {y> ^-v<a^[ b\ {j$Uj UUil J | 

Ja>- ^y> ^ l .. .sit • ^j/ 5 j& 4 

L^u cSjljJ-l ^rj* ^ iii Ij_^ 0 T • y>y 
«l ^*VIj - ) ^_P (J J I — « 6ilp -1>J — A-X 

<JLU)i C*uL>- t A — 1 Aj i , 1 yS ji A. ..i ^LJLj I 

LLJl yJl (_ji c5jl*l^ vj^L-xJl ^7*1 j£ Aj*~ 4 — ^Jl Aj'uibll <l)^j 

Ov^ivdl cjL_*L*aj lfl J '~ ^*h 1^ AjjliAll l y > jj A -t\ j , ajjIaHj 

i*^^»>«ll Sjl y^-\j ix^lSOl Sjl^J-l y t <_5 fl l^ v "V^ 

, UlxJl ysjyS I LijJl Ajjl-lil yjyxl\ y 


>- 5jj!JlLI *JL> y^wlJ L y Ja-n Jl oU- <UjlyLl 4iUaJl J l— aXj I !~Uj 

AjuLSJl ijJ\ ji-\ iJLLJl y o yS CjLaS - Asia ^UU- jyjyJl ®d_A y *4 yJl JavSLi 
t ( ^yjyJl o*1a y olla^— Jxllj oljlill ^ xia ..,* y j-> *-£) ) fl — « jUu JjJLi y 

<yi-l y y XaJ* ijjldll y> j yJl y Xjwa_xSl oLl*P y- ^-^JJ 

°l~£ i — >yJL-| y^Jj Jl «-lJl y^J ejljlJ ^j—^j (_£ji*Jl i— j^>UJl y> 

Lg-2jjis> y - ^yk-j/jJl yj yJl iuSl yJl oljLxJl oXa jjju UJIp-j . Lixll y>J yJl 

c l_SCJ I 5 jI^A-I £-j>cjj c-lil jUcj 1 ^jjI y~ 4> - j^ (_ji 1 ~ yJadJl j>t J 

. LljtJlj tjXj jaJ| y P-l dwUl -}y«J UiUJJ 

;li f .U,uiyi iillaJlj *U($ yuLiJ) :Uuu>Li» 

^ ® ^ lj_9 ^ I 0 l— U ( P lit I yA y£ 1 y**J l-d I y*&T*mJ - ., 

U olUll y y^lj (_y l_> -blA-^-l y sLil y &s>*j U c_JU«j i4 via>«ju 


.jS\ Jl>w« ^ ij\jX~\ 

IaU-L; yJl Sjl yLl lW 4_Pj«j <L u _jLJI ^Luai’VI ± yj> »jlU JlS” 

4-_Pjl)l 4jjly*j f-lll 0^~i dJJi y C^Jst^Jl <y>j— t Xy>t-J yjlJl 

o^—^i *^.1 f-l Pj d\ uiyJ Laic- tilJS Ja^-tAj ) f-Jsu; 4 Xo%_v*J ^ iuij^l 

^1 I— jLa^I y°J t( jbJl L ^S- <_Xvij wUp <JL>.|jb (^JLJl f-lil yA yS\ 

gjjj t (3U-C- *y I oliL ^yixk^jl e-Ul JaL>- ^s- CjIjLJIj 

jlj ilj LiSj tel— jll yA ^1 U £+0 j—a <loUj! cjl jJ-\ 

jl^Jl oL_« <ul*P f-iaj ^Jl ^4 J^U * Jsu 

y£ *y>r ilXjl J\ ^15^11 uJlv. ^jaJb ^Unj ^I!l J^i\ ^ JjUii 

ojjvJlj C^UL iijlsll) olLpxil ( _ s Ij, 4-olaJl Sjl yl~\ ^ 

y~A> ^ f-lil Jl# 4Pj — w*j LftJj^_J J L^J^J ^LJl y 


.y-jyJl 

: tfX+M 4jix ftjJfj frLwXtVI : LumLui 

U UU yllj tSy£S\ Owdl y vilii y oLJVl j\ ^-’A. ^jJ>jj ^SUj 
A^ail Jjl^l iyy^j U \Xa j . 4J SjjUJ.1 f UiiJl jtldl y U-sI 0 J& 

Sj»L^ y Lil jUijjl y L/L«pI 0 jA UiJl oXaj t. Urban heat Lsland 


jt (Jjiabslb iljliib o {S' oLoi' ^ /al C IajjA) ^Jlj c Aa>«^ 

v--»L-x_£l ,Jlp SjJiiJl -0 bricks yJSll ^ b-** ‘tA^ <>* J^bU 

, AjjXib Ajjlfllb ij\ji-\ 

4JiU-/aJl ( j-4 i J * jJl (jl j -“>"1 (j* ‘Cj'Xlb -la- — iji jS$ JaIp iilXAj 

•Couil L* l _^p.tr Sjjl ybl xitlaU br t 

. iboib ejl yb| »Uf v O pliijl ,_5* J*$i L — b -1 • ^-° i 

y4 la.xj.il JjAaj /y <U ^ydJ b< Vt.U-XS' ijbxj^lll _jAlix4 i^j^J 

jaJMl o^JU. o^bj J[ &y m br deforestation obUdi «Jlj| JbU- 

*U~. — »xi <*->(_Jl>t { jmS*ju L 4 oil — P tubbdl ^Jx-4 (J^ ^j£jLiu_J-l t!)t ijjjAil (j-»J 
y« Llx <U_JbA Sjydl CUit — $ 1-4 lij SJj~ j—^Vl itajjj t obli-ll y» 5l <b>~>Xj 
(jjl^Lil bbJ ojl jJ~l ^j/jbtp-tjl ^y> Lvjxj j b^ a*j 1 — t oljbxil 

. <b jljlil yij yJt *L/»l>- J 4 jjl^pwail JjbUil (_ji C-*bbdl y> ?JUL1 

^y>%j L 4 Jbb>” ^y> (.yM jXj_xjS”f yb (j^ 1 il)b«j^fl yjij 

j*>*jUI (J1 j~z>~ 1 tijLU_-p y> b> tJbb^ yj i^^w&dl •uLwp ebjl j~x>} y 

\A0 * JLfl jjSl JibJb ^—4-1 y yb jxS'j— J 1 J^jc« .ilj Jij 

J> jJS JSwj xs**J jbjS t- 4 ^ tbyjjt y V^bvai! 5 ->j^' 
c-j_j5lil SJ j> ,J £j~^y. ^ 

a yjjS^l (jpAl (_/ *ib>- Bibj ^J, (.5^ ^ ^ ^ ' ‘ br* c^'-P” 

itAJl jlj^Vl ^ AjsbJl ^ vr^ bf j 4 -' J OLr^' bU^i oljbJlj 

O^Jlx_-4 ojb_) Colj obblllj Aj_/tib \j-~S CJj+£>\ *L_xA 4^>- jUa^t i>j-AxJ 

, iAix>«il ^jiLllj cjbixll ^iyf- 
Humidity A45J ajJi :L*-»Lui 

transpiration j^lj (.evaporation y^dl Jbb^ j* -Ux-o 

. Jaib-XJl (JtA>- l ^y> LaJjIjij biXxj 


y-y y SjlyU *>- Ji ^ j' '^ ,J> *i : >* * t* J) ( * ) 

JaJjj L_» ^jdtj. . (-1 j^Jl y water vapour *lil olay- _^LL_; *11.1 ij\ y~ 
t yL| y L^va^l yJl ijjlyl-i AjUaJl yuu V** “d^y - ^ yaJi; 

OO?- yll P-ULl <1 x£j Jajj Jj 'i j -kft_S fill eU)hy jJ: o^® 

^1 y*aJ I J-v2J la-UPj c 5 j^jLS" Sjly- J-£*i y Wd Ai_jX>«Ji Jiaj Lfjji y«aJl l$j 
y>j c <uSb> US® '— ^-^dJ ^Jtd *” (_y AaAJjJ 

y_a Jl o^s ti-Ui (Jipj . <c~Ja; jJJ y}j u yU olS3l Sjlj-i-l £yj' (^j 

jl5 ojj tiijiixji AjjI y- 4ills> <L~~~*-Jt-Jl yikll Lj-J Jya!i -uL-P SjliC d)y5o 

poten- 4 JL »15 iilla ^Jl Jy»*)o y*~dl <~L*-p ^y «L*a>t)u~il « U i — «■ — J I AiliaJl y* *y- 

(__w<lrx) <u__ol5 a sUa L^j (_*>« — — J! ^y ^Lil ol^li* l)J '~-^, — ^“j <■ tinl energy 

5iUa ^ll <X-ol5sJl iiUaJI Jya!i l y>j'^l\ ,jlp ia.ft.-~) l»~UP ly^i t l^plftjjlj L^-«->P>- 

i <J £-y -Jl (_ji^ I ^ I tf * j ftjyJl | -5ft>») ui 4xJLx — i y» ajy jia-JJ a5y-* 

freezing and OUWl j a_»j>a)l ykij (ju « jl _y>- yy Ajt Xp ya Jj y*_-Jlj 
y y j i-pyJl LpUiS' y UiJ-l oljUJl y •‘111 jUoj . polling point 

. 4ji)a>*],l ftp| «jt) JaiLa-)l yL-4 a*jj 


aJup Cj5 ji tljuu; <o _ / j5l <c5dj y«yJl <u5j ; Transpiration q01H (f) 

'dy! ijjr ^1 -pI ojLa-JI 

o oUlw) ^ <?“j y>- j!>U* ^ ^**1 I tj ioLJI y 

ciijjJl y ^ji! -jX^Jl y o • , • • • UjJlp stomata ^ ci'jjVl 

|»LxN j _^y?dl -t—~-*5l yL j ^jJLp Ja5i jl^xll oUl. -y. U oJLaj 

cXjUJI o-*L^^ 4 i y Ja-laJl p-lil jr-yxj arpj t ^- 5 -1 1 ^Jat<e-Jl <-1 ^p 

. aI>^ 4j^yrJ 1 f>i_-o y^"l (_y ^***£i-} 


(jjiiaj Jl j*i i^uLall Jt>l>- i)jdl y (‘111 <-5 y- d)^i ">-1) Ij^a_j 

1L.-,o a <JlP 

jjjS-J olaJl y — p j jjj ^yil , ja SalaiJl oi — -voaJ.1 — >*j oL~«JJ 

^ -.r a^-^j ^ I-. — oULJ.1 0 -Ta ^.JJl f y L^l i,o^x ^ y .-*-■_) 

cJl^la jv-j (_5-iJl y^all Iji^j V| ■ JiJ~l 


IIa j ( transpiration strean ^ril jL_J j\ ^all jU 


:yr 


, (JJJl j jifJl oIpL^ 


evapotranspi ration jilt (r) 

< .lij i AmJl AajIII ^|a^xJ| C^jIIl*— > frll ^jA j>~*J ^ 

y yd*vCLAX^ ^xZwJl J ^ A*jl^lfrJ Ijiu^ (• Aj^Jl ^jA ^jajA — v« 

. ^tSj — ■ ^j^Lj y^A*^*'* y*'jl*J | dl jj^lj* (jH*A I’-tl t APjjjll 

jU*j a*_-<»j 53 J>> iilXA 0 _^j aAajm 2 jl j_>- A»> ji AXP All t_i j yd.1 y 

SUtU" £^13j» dl jA aJLa Jjlk; Iflvaj L.oAlf'j <, frljfll ' L bi p J~~i ^ 0^^ i_j*ll ^ 

Ifd ^) j (_ 5 ^=M y J^>*uJl »lil olijj;!' ^«lsxll SJls- yj uatccl aii 

(J J U *L_Jlj laJL * jj L^j — xSUs» -UaAj |*j ^aj( Ja-aJU Soyr^l obj)-J r l £A 
*U$lll (JJjIamaJ 1«.AXPj * £*XXjl jl y^xll 0tj^* 0^ L*-vfrj3 (Jpdll ^ fr ja^gjl 

frl^^Jl tl>^ i t yJUl aajLj gtt, J os^N I p aUSLJI oUj^-jLI £* frlj^Jl y aIsMjJI 

^fr-l ^ytxJs C Aa-sA , ji )^)M frl 1 1 ^jA Jji\i (jjl JILa. ll)^^J frill ^Is^caJ l— A*~+A Oj£j 

dynamic ^ySwhjaJI lijlydl; (J j->u aH>- j-$3j - J *-~ *» ^ 

l^j|i ^txi „ y»*xj| ^ a -" j *c-il>- aa-apX j^Uj yt* Ujio_j c cc|uilibriutn 

Ob*uUi JiUjij i »•' ^ — )j - i' y y>l vil*** cj^* 1 ^l— iu £dJy ci* 4 ”* 0 

, v. pressure frill jUj JkkJ> diJJSj tyM y frill jU*j 

v. 

jjLl y fill jU«j S iLiS - 0 ~-Jjj Absolute humidity Lilkll ojk ^Jl _ 

. ( uySd.1 yll y (*l IjXifr j ? u l* 2iUj ) 

Jt yiA__iii frill jUfrj La~S if. j*j relative humidity wdl ^Jl - 
lijl jJ- 1 A_j>-ji 1 jmAj JlP lf~g'J-X.M.i i)l frljfli 0^*1 A_j*SllS <U— «^Jl) frljf-il 
C)l vilil '/, VO ,_5 jL*j U A-Jihufr AaaaaJI frl_ffll Ajjifrj JLlil 

, ojl j^~ I A_>-ji ij-'Au JXP frl — * jl^*-; 0* dll 0^aj If '/.Vo aj frl^_f)l 

jl>u ^jA frl ^fll (_g y>*A 0^1 'cS^rl 1 — i'lA-^-il *ijbj J^AA ^Xi - j^xJl 1)1 i—ajamJJ 
i_Allall AjjIs^I 0 Jr* <-\j-Za VO ^L-ijjl (ji ft AjL jU— Aj <dAA>- ^ — iij'j/l; (Jaj frill 

* L^J^l \~J y***A wXXP IfXfrA^ ^jA /. AO ^jIaaJ 

^cJu ^>cj-Xil gx.la. ~ s*A» ^ja. — ij f^y^ 1 jla_ll {j-a ( J_a1aJI l)jfi (_ilj 

|S*^ ■C i} y*%0j frill jIstlj 1)1 Jl dJJi 1 ^ ■^ a *l — oUl jU-jail ) 

} . 2 jl j£~\ JUdl dill aJxj Aj>frluJl j-LjJl J-aaj {^ u " 
jl Jl^. jlkfrMl 1 >jJLa) frljfJl A__JwaxJ 00 yd ydlj AaJs^I 0;U-l jtlxll 


\l 


Jfm, 

ruw 


.s jjS L*aI jij i a-JLi advection !j! yLlj *Ul jD*-J ( ys , Vl (JLi*J*lll 

y ijjX«Jt OjUxal 4 jI«j>- y Jaii '/ \ • Jjilu-J ^ ^J.1 yj y> y- t^l Jtill 

Oli Chorley Baity y J£J UJaj c { _^_JL>J^i JLjwidlj _ _yydl 

<^ldl oULl o» — S jjjbj . plil jl>oJ ytiVl (JLsXiVl jjp yL ** — **L)I <***jJl 

,y '/. A£ Igl* ti — j — :U w-ill VVl j >0 jJUJI ^ ^oJlj j > « — «xJl y^ 

4->jlll oL_>JauJll yo ^ccjlj y*_dl yi 4 jUI 4 I lj Q lla .. >Jkl J jUJl n i .j 

. (Leopold and Davis) yj^l Jis- LiUJlj 

OLrixd.1 ^^Ip ibjj Llfcljj 4__j|yoVI jJaUil y> ytdl (__pj 4 ok 4 ,4,./a.) j 

Lr liU» *L*-Jl duy subtropical latitudes ajjUII yi y y_*Jl y UayJ.1 

“t-AflJ jqj>- ^/l j>xJU t 4ilpJ 0 j^ -k>dl £*k%»i (J _j-sP _^JU ^jM^-JjJl L>c>iN 

V salinity 5>. jlil 4_~J gLjjjl Jj yj, Ur yod! JbU ju> V , o L-y^, 
!_jJ>j)^\ yv*Jl <u>y Jj £uj - ytdl J-^j *Lj >j . ( Ujyi /. , £ • ) 

oLfl ^y-j — *J | dliij i ojU-1 4 jjIuJ,I (_jjU>cvaJl yi <JUL| jjt> LUiUi 

.yUkJLo ^ • • y jiSl Jj Lis^l jvJli'Vl y y«-xJl oVJjvo J-^ij LOo 

Condensation uiitxin ( i ) 

flj — gj| Oli ( _j]abll y o jljd- 1 dll — k^A JiP U-ijlSU-XJI 

cs^ 1 ^ k/ku dew P iont ^ '-jj’uj i^iii jUo j 

1 4 — iilScdJ ^J\ ^>-Uj jjSU <Ul_j f-lil jUu cjtiSco (_jS(J j .cJjLSoJI U-Up 

^jlp _ LiL-va UJ L^ip _ jS’Ul j-LvaJl ^ j^i j 
(U jSij _^vall Oji L* Sjl^J-l ^UiJl aJU- ol jk* 

viildSj j-LijjNl (jip AjjJi i_w>- f-lj^il Ujj—jXJl , frost ^LjivaJl 

adi- ^UU^I Jj^dl ^ ^J| |jj, oli jLLil jjp ^JLp 

<-** t^id! ^a>oj .wdl ajjL ^J| tabatic colling 

L5* “jk 1 l yJ iJU-l oJLa 

c^Uail Ol_>-Jj AiU-l ^IjVl ,y jLpj t^LS " jj jLj ^gj| 
IjJiij tv_iilSdU oljj Jir LgiS tU^j co^j^Sdl yli ol jij toUUJl 


(j-ojVl (_j^ iaA«J lf>|-~> oL^Jl oif! 4*/aA_>«cil iiliSUJ 

(ij-ij oJpl—vaJ) frlj>_f]| oljU CjLp j-»> ON iiiilij iL^la ol _£_Jj 
lj* ^ Chorley (jJj^ioj Barry (jjjL ^ JS 1 ^ jjj i IfLiLj 

1 ij* dy-fll dr 4 j— ^ (jf* ® olkjxAl (3j— i f-l ^fll J5 

dj-t; c#*^" £y" — ^ u^iil&Jl d)1 ^jl^Jl j , oIjIaII 

OjIS^ U lij JlJ-l ( <.tiU»LwJl lf.v3.iC.> ijLi-l od* ^ ^^Svlj cjjjlSodJ ob^j 
5 ^Mlj rain - drops Jai\ ol^JW ^ c~J frill ol ^Jai 0} coly *1 Ua 
Jjjj t djjSL* Y ^Idl < — ailSCxJl Ajy Jai ot jM>j . fill olj_Jai j* U*j£ Jii 

^kil o jkt jia* ^ — * !*■'— jj ^ ' y* Jit uijS^J i 0 ScSLp frill Sj_ dai 

* '— J ljyll olifr (jjyiaxjj Oj_^vv> Y ■ ■ * 

adiabatic - colling j.LLo'ill (1) 

environmental 2 j \ yU i^y, ^U^Jl J^u. Ju> jJLL 

J53 (> 0 ‘\ SiU y,j ^Li!j*ill £* juJl Sjl yLl Jsj-a Jj — m lapse rate 

i ii>X>»j ISU ^~f~3o *udaX«i l yt u-4li>«j il)l_S' d)J_j *• j** \ • • • 

^lj»x*lj) *d ..... "•^v-U ^mXx y & o ^1*™-^' lf> iwJiAjhj L_^> o 1® o*A™-0Lv<^ <e«vl^A> aIxS" j ^ ^ t > 

jiuAi ^X*_jdl lifJ l If; Ja*>»ll jjSljfll Jl— ^*il y>u If; frljfll Cjl—ii_}>- 

l 'LS I lf-X»U> ^ i y3JU ^jJl Ur t Jju! oliUl il yfrcdl 4_J| Jfjl olibyLl 
jllaj 5^L* — «Jl t _)Uiea‘Nlj il y*wdl Id* Ifjjl j>~ i_>-_p ia-fj j*d ^y>j 

» XSyl-l ^yli ji ^libiMl Jb^edl Ifde 1 


^ 4ibdLl frill ol^Jai y* l yjt)U ^ w-o^Jl iij&j 0^^* (' *) 

j! convective 5Apl_vaxll ^jljVl !i_->**Jl y* ol Ay jl>-^jj .frl^fll 

d Jj'Jl f\>dl frl_jfllj .stratus ^yuUJI ,_ylill l c *'-djcdl 

J ! ^jUdl Ifrt C d wCk C t jJ I ^^JCvaJl ! fU* OjwCflJl 

Jj*Vl J\>dl c)_^Sv I (J?*j ■ (_yl J1 ^ dtiij 4f^< *dU" ^Jk L*Ji* Aiil* 


4>*~J ^jjl jA tjl>«*» If; ia^a^j *e5ljfJl <ixS\JJ (JL/kuI Cijaaitj v_»>t^Jl ^y> 

Oj£j i-Uj ) (. Jl— jJUlS” j& JJ jb jAUw i j>- _) <L_>xjll jl ^l>v« £tlu*i 



UY 


> (jUaj ^4 5 j->_ S' oLpIajjI ^jbLJl * - wiJ .X* — o*d L«Xp Jl 

.( rv jo ) jijfc*vi (jj> 

, Ja 1 • • • JA ^Jpi A*JiJ jA yA>%*A ~ \ 

, Jit T • • • _ T 1 • * Ajfl*w Ja U-O*col - Y 

, ( Y“ • • • J*l ) <vaa>Xa - Y 1 
: Fog i-jLyaJl (_>•) 

XjJL^ .jj/jj'Jl ^cSavj Ao_^Jl AvaA»xl! ^y i^ Ua ]| 

: i_jLvall ja j^y 
. Jlj^jJl jp ^tjlx)l £jJl — ^ 

, jp ^jbJl - Y 

(Jl&_ lj*i/l JP ^tjlxll i— )l waJlj t uP\ **i^)ll i >L — vill Jj jI £\^Jl d}"* 1 — v&o 

tJabixil cjUoJI^ aip slope fog yyuJ\ t advection cSjl^J-l 

A^xii\y} p-Lll jp ^pL-^aw^/I l*jL — ^aJl 

HjjUJI jbbil Ju> j+a-'zb jy> dlUl j t terrestrial radiation l yJ>j K l\ £_U-i)ll 

JilioNl J-P £jbJl kjLjJtil j . L^jjI j_>- i>-ji c ^jU>«J'y ^jPjx—Zj -Lub 

J^Jtj cfllS j - . ^ l a j j c tajLj L>Ja--u £^dld d J — ^ — *XXp j 

*Ip JZ (j^ll dlllj A— $1^*1 Aj^li^il J>- J *J 1 Js jJas>- cJ^l^ ^Jp ^c-o^lj 

c L^Uj i LJl j~»\ i_j jpj i UISsjJj t Jp-I y • J~° ojU 

wU-n-> ^a j c^l^- .Va.p a>*x> up slope fog j)4 ■„ <„w„l 1 ^LpI u-jL-sp XoJpoj . La ^^pj 
k_-j 1.. . ^ J I ja £^jJl lx* Xs^ i aJJ-1 ^JIpI _^>»j A^>«jjwb 

. Aot jA CJ Itl Ja-stfN jAJ Ia lij_ I >lr«7Lwi 


t l_-Ij j •ijlj frljA JjI — ta 1 — tXP ■la . b , . _ ‘i ^il iy\. ,,<all d) j&jj 

l$J ^- 1 iaAvaJl L»JUp [_g ^UjjlJl l— i L .y j Jl ^-AJ tC. AjtlaXo ^ Av3l>-J 


. LolS C-l _J^Jl iyl 






4 _w.ai ( gjbJI ) ^U-Ull & ^bll 

j Sea smoke y*J\ JU-Jj Uyu .’JjVl (*-~ ill Jl Critchfield 

. j i. ./>■ : ^yliJIj tSjjjJl ajj-i p-Ij— . $J L -t*j ®b— ll b-Aie- 

^iU-j ;yb *! jA J^U 4JLI J> JLp >il Jai~> vV- frontal log ol*J-l 

^ £jj oJll ^ Jj5bjj • ^jb^ C5* bib uii5ej |*j J~ -»*-~J L_*>«^Jl (Jiv-1 

U <ip|jjt t>— ’L-viiHj t)U“jOl smog ^L»»Ul '- 7 'bUdl 

.jic... 11 . ik^il oaJl J i^jJl->«_j lJUj t photochemical smog 

t SjLvoJl oljLiJl 1 Jj>- ^a>c^> UjCj (_jdl Cy* 

, 0 *Xj^wS*i Jj)t 
Precipitation failmW (o) j 


4 snow ^Jill j hail ^Jail ^JJU° »U1 « v*J 1 vA>-tj 

I ^,]all 0 j^oZ»%a S-vul jJ» ^ 

^Jp jla.^U (_£ jX«Jl hvt jXll jj-ldj j! «uliiJ •*M' gjy O) 

Aj^L^X>"*y 1 OljJklddl ij/l *- j X>-yi ULb £-A O-ilS" ll)|j 4 jJjjCT O^Svli £tJUv 

Pen- oi ^— 1 ^ ft— ^ A *t — j ^ . bA 1 t-LbaMAj^—S* ^ |fvt 

conver- ^L^Jl *Ud! jkU J> \ jij-p J»L\ OjSb U 5 -iIp j ^ \ • < _j <1 man 

Jp ^U.1 jjij dUiSJ 4oljjU^Jl Jjto i±~-p- 4?jjlJdl J> gencc 

^lall ^jbba L<k*& obdjUJl (J Utlaxl l^j * 4.* a la d 1 1 4^^sbl J ^ls* 

( j-Jajlll Xp \j—~S ^lall j Jii t — ui 4 4 _»jI^aJ 1 <U_>dsu«Jl *ldi!l jvJlxJl 

^1— >"J ,yV (_5 _jlwXil Oji ^Uj jll Jai sAJl oliUaJ (3 j — ij 

(>bil JA wind ward coasts qLJD ^->-1^1 J^-lj^Jl JUJj . ^yr j\j~Jc^\ 

• 0^ o * JiJ c5® < t_d>-laJ! ijA j, A, ,Si> jjp I (J 5 wj I Ijl — \x*\ ,_ytbj jjdl 

Oal5 b^i ^LJl ab£b p-U .1 jlA*j ^__il| A J4JI1 j! ciUS 

(Jl j* warm currents iiib iJsu_>^. ol jLj lib* 

'“y.'y- ^ ^Ul jU^j LaJl; ^Ijjj dJU-i 0 Jla a ^Jl J>-UJl 

(J^b- ^Jp Juki Jjb m_« dJfl^jil J^-UJl <0 y<~^p Xp 

• i3 _ri j ^ jUJl 


j L iJli-l #Jla il) jSCj ijL jLj j — »j IaJUp L>! 

*lll jU»j y L^j U <L5l j_ $Jl *dsS3l i jJ isl«^>- aISj »-ul — 

iijJu>«j ^ tj»Jl>«j| d* 1 jUk'JI <-^ objUU a*~cJIi 

^^IIS’ AjjlJil Ajjl jjM,..,ya.)l jjialdl yu o ^JjU aL^I 5 oljli! £ji (jL Jail **— j IfcJ 

d Uuo i«UA)ji^/! <5 _^*S3l M {j* a*"»Ij d 9 ^- 4 jt UISsjI Ay>%^e> jt d^ 
d (JlsJ-l jA L*JjU AImJI jltX» (j -I p jij^ jli*- 4 ^ . li d. - ..! ,_jlaU^ 

I^JL* L^byfl ft j\ t, A *^ y j .^ 1 1 hX^Jl .d 0 1 ^ 

^-J_d*j| ^jLc- A_vfi>b>-j A-j^jU jUoaMI d £V*d 

l^j cJl>w) Jj j t o jj jt- jlLwl l yi-y\j^i SALj la . lL ~ l i y± .bNLo^Jl Ji^T 
nlddi^i) ( A*f0 y) \ * 1 Y ) j — X *”l f *t ^ U-a^1j y^y+A J&-* A-* — <\S ^S"i 

cJl^ j i( AAi ) YYi^i ( j ^ .*1 ai*» ) i — !u+ a\ \ d ,sA * JlA>- au« 

Cul^t-s** ( Vi ) j ” . *> ^-1^ ^ A V * (_5^ ^ii i ■ li ^ y d^ -4 a,^ „, ** S ^jSt 

. ^JUfH Jau*J,l| Reunion 6 5 _^j>- 

Oljjij i air pressure I JaJwaJl '. J> d^ 1 td 4 '^ C^' d^ 3 

.friction t earth rotation l y>J^i\ 

: td * dd^ d 4 '-^^ 6 ^* cdi 

:^l 

tiwvij'SlI o^SvJl ^ a -*^ (d* 1 cSj 3 "^ dl *'— ^ a ^ 11 tlr* cSdr^ 

Jilcvoil jjit ^ — 4 I j^ll j i jL_dL’ ^ ■ i ’ ij-* 1 d>l cS_dr^ ^iji ^ a ^^ e, j 

/. A ^ _y5”l d^— *4 ^ iaW»Jl d t3j^' 0 1* d ‘jL- ^ ' o* cSdr^ 
A^Af! olS J>~ (‘I *-*15’ jj' a!*>«j U lAAj 1 c5_dd \xmyA {y> 

^ ji~\ ialwaJl (d>lu» • i£ j ^ cd 4 ^ -d^ 3 C^ 1 

d-* 1 fl jj 1' J^^l dl (jS J — l — ^ d^ 1 ^5^3^ ^ J -.^ I^ 1 ,5 ^‘ 3 — v^lj ) 
i=LkvaJi d 5 ^ ( ^A d^ 1 ^ d’J^' cd*~“ ^ 

. l _yaAPxiLl 
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(_£ Jr I { jJaA 3^x11 (_£ J^-l Jaiu^aJl JsL/i d) Jvi Ij5Caj 

J* 1 JdJ — ' l> J-* * ■-W— 1»J ^jj/l £thu* v J Jjl JtA-XJ J’h''* ^jjl 

, L^-»Axj {jt- iaA v aJl (_$jLaJ Jaja>- iApLj ^aiSC«JIj *(_$ _y , jjjl jIA>tjN| Ap-ji 

(Coriolis Force Jjj J BJ ) : jJSl! dA jja (Y) 

Jai»siaJl J>b> JJ JajwaJl Jalla y> ii j>%-£ d)l Jj JJ dJ^t dtlS" 
i- 4 -*^Jj <. (_5_jL.mI1| JaAvxll ,l»Ja>4 SJUIaJ « 4-vJaXwi Js>Ja>* JSdii J 

J» Ja>> ^cL^ai *-^ J* l"-t^j .iJj>*£i N 4 -<laA- 1 ^i 

j>t — i (_--j_j Jl j3“*Sll J5 J L_^XSd) jroU-jjJl jJaX j\ Ja* sAjt 

h^Cut ji (Jl — ^ J^-J JaxvaJl jf**-* ^jjl ol— ^lj * ^yax>ci.i J^jwa-il 

Jl dy (J->^' Vt — u . i ** J Jdj <J j*~a* J 2 J Jl 

4 £-jj Jl *LC yji oib j jRj> o jjlll bjjb ji\ jlj jj j (. (_} JtJl 

Friction iil&>.‘}ll (Y) 

t ^1 a^_*aa1| iA*P ^ lj^ — i 1 4P jam f .illjX— l 

Jp JjJ JJl I_il^>«jl J 0 JJ.S 2 J £-o l^jUiitw« iilSvXP-Nl 

*>-y aJj j t JiA-^ull .iw-pJl J ^_>*j I^aIJI J (^jLw-jdl JaJwaJl Je>Jo>- 

^>iji i3j— * j& ^=rjj v* ■ j>* j J 8 -^ Jl ij— ** J ^-uji , - j *i _/**■*! 

•LijUUj j_aJ| »J« JL — P i_4**Si 1 - 7 *^ dliij <,JaA_j A>-ji ^0 J| 

. ^jauLJLj 

■I a4w U tt . t) gbjJJ 4-0 L aJI fij^jJt 

_p*j lSjIaA— L l Oj^ esjr^ — viJl J 9 ^ dy C-~» J a.MJl 

i ^5vll i. ,.a*gj ^ 4 V .I Jl Jl O ** ^ - ) ^’ > 'r^^y J-*l j->v\ £“ i*! y~ ia>- 

1 yy^-\ 2 JdJl yJua J J> L^aJI jL_ 4 «j Ju>j northern - hemisphere jU-ill 

2 jdJl I — <waj J JUyJl ijjUxlJl ^--^Li Jl 4Jj Jll ^4- l_j Jl O 4 JLAJ 


y Uil»Cjl <>-_)i jl LfsOjy J.‘ ^jLdl i» jio- Ijl yj\ (m) 

w^U"Jl u j>v, JU*>" ^y> •*>* /***\ <> ji (tti^) 

1 *\ iaJ wlltf- vJl j>%j^ yl j-Q&j *V tvw oI^Ij IjJ 

‘ >— 4 ^ 3 J l^>l^l ^Uj wWJj 

UA 


“odai* y i_j-^ <l — ^ _^>lJl ^yJLoJUl 

V- ■ -*-*-* «* * ^ 'd—y~ . Ab*Jl <J^A>- 1 ^_av > y jt^i (^1 * *■ I* C. Z. AjjIjII pliJMl «C£j>~ 
Jaiwai! “lAkCo U j!$la *|ji*uNl Ja>- yy A j^JJ 4_j*»tj <iS y- y -AjJUiJl 
yH ^Ij equatorial trough ^Ij^klt UJikb J> yd 

Oa-bUjj cancer olk^-vdl jl>-b c^jjlail 0*^ 1 &Sj^~ 1 ^ ./i 

^yajUciJ ^-sk y Us *• h c - z - Ujlall *UxlNl 4.. g. ; >- !] j£ £* capricorn 

4..d la * a j ^*1 9 ** ' 1 A>*.a 1 1 O^S t_)^5vJ U o U £ * t ^il ^} 1 

(_j-l-kj ^v^lj jJSvSo Ajly^a ^-LjU •UAS'^l <iSjU-l 0 yK . i U^J C fd _J^-U ajJ-Jl wlo*_s<aj 

. doldrums y> Jl l^JU 

i^| c? J 3i uSij-* •^’jr-® er 0 oLco'iLiJl ^ Co-b^jj 

Jaa- JajLgJl dj_ ^Jl jd^>Co Laj . £A > _^il y _j_jU JaUvoJl J^iaL* 
JUAll yd Jajl^Jl ^Ij^Jl c-vfc; UlU-Sj ( JJ y Ifcjj ) Ajjkd ^\jj JiUi 
mid - lad- ^j^jy}\ CjLj^aj ^-Ayj U-<3 \%>- y& Iwbxj y^-\j 

_pjj Jl-wJl SjS3l c-UaJ y (JLo — duJl yd 4 _^j lude - westrlies 

Vj-* (J^witd.1 JaA_*kJl jkU> CUw>- yyJr\ 5 j$3\ >^Mxd y ^ jbLl 

.( YA JSU ) "VU-Si {, 1 • y* j& y y\$ 

C S^yi ^ylU^Jl SjSdl c j >*/»'i y olllj yj Jj^laxJl (^t ^JLllj jjJI>-j 

Jij (_ yjjd\ y ^djjJl OljL^ (_j| Jouj) 1 J} 

0 Wrr i_s^ hyr )a^>\ j _ / w»l — c-l L^j-Uk) Uy j iJao j 

jkllll y ^jdl qIj^I Ul >k Uj UJ lilli US' l^aJUapl y AbUc* 

yy]\ o K^iyxh Lfi^i i_^l 5^jj_Jl JjjJ. Jajl—fll t-\ y}\ oli 4_jJai!l 

c5!j^' J- J> ° t — ^ ‘CjljjUcdl tilli y a ...itu j»lp JSUio 

y oL^iJl; yc\d yjJr\ S_/3| ci^tl y y yiJl JUUJl yd j ^UJLll 5 ^S3l 

oijUl j-lj_pi oUft ^jIp Jikjj -UJwaJl jlalb <JUwa- oUc^Jl y> J y 

.( YA JSLi ) polar - easterlies U yJl 5JaJ«J| ^1 iiULt 


Inter - tropical - convergence - zone _J i^u^i <*> 



Monsoon 

j ^ ^ *■*1^' ^ **-a^*>* (3^*^ (3^^^ * 4^11 ij^ji ^jki^xi 

ijl — wJt iSvjj — 4 (j j*X i_jjX>- j L—ii^il i_j Jju jtJlxJl ^:_« ^ j>-\ (jJalu 

• oW'j 

tnUlj ^Ul Sj! jJ-l 4>*j£ (_4 <«_^aaJ <U^v*J ^il £^L)^J| ^hcXXj J) 

^ w \ NA ^Jl Jxc»xi,l jl>o O jr*^ L ^j^ - --^ 4jtlaJv<v3 

a!i 53I Ot t_Jj_>*il 'jjj i( LJl SjU ) jtJL*Jl (_4 A^uL '4x5" j£\j (.(_5il^Jl Jao^it 

d LJ^ j 1 1 — j L w jll P'La^ai q^Aj^A LiUvo ojl^4"l QtAj^A^wj tA A^ mjL41 

^ tiUi a_xu Lx continentality ^jUJl ^Uil JLoxU a_**x i_**J oL-^jll 

. <^j=w4| a«uLJ| ^JaSvD “Lj l y j ^ XM ^ 

t AjjIaLI ^j^Jj — *J| AjjAUaJl ^awaXJI A-Ji jpx. J 1 — vXlt oL-w ^jil ^jt Xjj 

<_y* jet streams ajIaxJI cal _>L_xJlj ^ rJa. . . J I ^ca'^u>j fronts ol^Ll C> j & j dUdS" j 
^_ja (Ja »Xv? ,5 ^141 aI^^JI Aj^XdJl aJL>” 

^UjJl bXlo *~ij»iXJij i^l^Jl Jbu»*il uJj-P AjJIjil (jJsUilj ^..gya.ll aUllj LwT 
archipelagos o>L^ jNlj jjsL I oLil <y JbJuJL ^ L^aL/I Jlp s^Ul 

ttJA j (, A — .Jj^i A_JL**d £-Ijj J — ij3 l^-‘'l *3 j d i-J Ajj_jd-I 

d* 0 ^ lit jLpx^j L-£*~dj OjI^w Oji y>~j X^Jl (j j*5> i_J jAa>- i ji JP jIIia! ds jjLx 

^ W . w ^i ( 3^ ^*~ ' oa_A L«w*-u • ^L— x^4l t ^ Laa*a*j ^ I oJ I JLxxJl 

. L^s jt ^ a n ‘' £ ’ Lj ^ cjlSvjl JtA-^J t 

A^Of- d\ 1 — iwoJl J-voi (j!A>* li-iAjHu-ji A-^A^A 1 1 A_-^-a« jll L»t 

t X .g. l l j III A *'* 1 ' . h .~, A ^ ^j*~mA*C~***i |fXj J C ! 3 L- ^>-*A* 1 1 A^SaJ! L A , i*J I ^_>iu ajjIjII ,La_x!NI 

j*j ( ^jlS^I w ) X^jJl (JLw> A^_v ? h^ ( _yaA>xAl I Jai ^AiJ jjJalX tJ j&jj 

aJ jXJ| Ajjb>cdl ^-UjU Ljtv_Ja IjIJXaI Jju Aaj& AaJ_jA>- h>-ljj ( JjAXj 

^c-wix) I^aLxM ( _y^A > a I jXvjMI Ja>- LAjj^P Xj iX 3 _p^il t ^ jiiLl o j53l 1 a-^aJ 

lx L^xjx l a* >4.1 ^y* aa^uIj ‘U^Ia ol>«ia — -a ^3 j— * yj \jjp a^j _ ja>- 


LajLlP LgjJ (-111 jl>« J l^S ji j£ j_jXll £-lj^)l £^**0 “^bj (_yi| l£^5i 

*w»b>-j I^JLa^ ^xJl jUa-oVl sL« <u — oL*S^ ^ ^yiJUuXj J^-LJl 

jl "kJis- k_aij ^xJl L'i/U^Jl JLi- *y.y^?\ ^-jjLJIj obUJl cjL*-ii y> p 

bl (J^^" JJ^I ul /JUb ji^rj c ij Vb^i L^JLp^j ^Lal Ij^-b- 

iwiA 5 j^—S isL>- JjJalXo JL >- y iJJ-j*- <■ <Lij_. so jUx-°! 1^5 1>J! ^jJLc. JaJL«j 

. <Ljj*Jl obUJl ol-JtiJ ji «L_9 i__Jl_j_A-l 4_xil jJl ilILj >~J ^jS'jJl 

( £-b jJl >— i jA/il* <b«j| ji\ ) 

* cw 

b$X« ji I j — ^ a Xa . j ^Ubj <ub»* — « i_ijjJij £-bjJl ^y* £l_^Vl #j-A JsuJjj 

, o.ijJj>*ji JIp 

* £^b j ' “ jb_?- <—^><—» £-b j 4—JUtll £-b ^Jl 

tiJljX_^J,l ! l^X* ibjb £-bjj . iijXjJlj (. ^ — dJl ! , oUa^_^Jlj 

• Ujt"j 

: ajLi'f idjJ^I j^bjJf :V$} 

a -jjfi ^Lj JSLi u-4-j” 5 jl jst-l SwbJL_Ji ^\jj : (J) 

( _yy3ljSl! j£»*J <_yS <Ljj_*J| f.| ‘-r'y^r y* bgj t _ 5 xJl bjlS/lj JUjJL 

‘-JyJl {jA 3_j oli Sjj>- CjLaA>iX« JJjA l y& <■ JL^JtJl ^ b^vail 

bg-va_*J JXoj oljlwi ^ o b ^ A> tXj.l o JAj i^LtjJl aJL* l^-Jj 

tPb^J Jvas ^Ijt *L_v3L>-j __^i_ « ^ JlwJl L5 lxv» _^_dl Jik-UJl 

°YA ^y>jC. — iJl f.|__p w aJ| jlai.1 y.’Vl 

L5* “j^bu ^bj K-Jj* A ^yS oJLa L» j i( Lj jMj 

Oi^Ji cir“ A^XwiUi-1 CjLs|-j 1| V olpj t k. A«./ill JjJl jl J Jt\ 

l$jt_j y\_x-s ij ^^L_<J-I ol> ^il j-^A— x" j t j»bl jl 

^ib>j u® ob>-^i.l Ul t L*~j i-AsM+a La S j**At ob>~ ja i 

J^aj Ji oJl Ij;«_S' UUjjI ijljJ-l i>-jj ^Uj jl U-j-vij jl?! j_jSb Lfc 
L^>w»j <±*~>- aJUJI slJ-l t _ s ip L^L. jlil j-b jJl oJL^J j . j>L,I &>b ^ JS\ 


1 $jj! j>- j'LujIj Lg_#Li>- 


Aj j\* il_>- ( j T i>Li>«JI 


( Jaa^j b>J,1 l^j _ptxj tiUJJj i aA)L*JI JLo jJl ^y> oL«5 aJLo^- L« . oL>ti 

(, \ ^VV Cwljli i_jJaaijj ) SJajMj A—jJjJlSJI AflS'Ui! Jaa/jU**^ A S«s>l>-J AApljjJl 

b> (JtA>- ^y> i1)L_aaJN| JlP ^yJi-Jl La L j_J il)^> fcJLUS i JUxj l( 1 • l j^> 

• Cx* L^aP aj^j! Cx* ^- a, L^ 

bjjjt ol^-L L-jJljj-jJ lJU — > i ^y» Iwa-^j ‘'-A * —aP SjU- £-_bj ! (r) 

JaAwSj 4£^J^j| J-vA® (_y® Cl '^*‘ . t)Ljj__Jlj LJUxiJ l j JySf J>cj A^S>l>-J 

I*,) Lc Ja^^dl j>*Jl (_jLp La^JjI A>*a--aj l £ bjioj J'LjujIj 

x^*' f a^j lx,~.... J 1 <vjLjL*J! t Jj> Aa^LwJI LajUI L^J di-J^L-S* t L$J ^*x5l *XaP 

• bjjjt 

Uajj*| cs® i_S jfSvH ^ j— sxvaJ I : Q 1 u *j J ** (♦“) 

L$j_jaA L^jJ>«j d^-A- bJL^ij t^jjpj LiLp ( Ja-Lai 

• <_J-^° ‘b’-bdl.l s ‘-^— - $J (Jtr^L>J,l ^ JjdjJU jlj__v»Nl JJ Aj Ji]j JUj £y> J-ojii lc 

API jjj L^Ui AjL>a-*U jIjaai! J.AK-P ^aPjIjLIj I^~‘ bf % ^jjaJtll ApIjJ 

. O-O^J! 

2^L>- jJj-LJI ( jj> sj__a*j oUL~« (_yLp Ajj_xll ^Ujil oJL& jit ^Jajj 

i i_jydl ^ iOI-s^aJI ^ : <J~“ i Sx^ 1 sjl>- ^“bj A>- jlj , UU 

l_ 5 ® jj^^J 4 (_s® j-'kAJ-Nl l Ja>-L- P (.AjJjjwII ^ j«j-*^Jtj 

. cUj^SLII 

; 4ll|jJ| 4^1 : Lid 

( _ s xJ I J^phil ^ jbjl j^-\ ( — Avbij (_5 — Lp (J-**-*^ AjL>tli ^-Li^Jl | v^» ^yA j 

( J ; wab>til jX APja^ (_j^P i-XpbAAi Pi_Si ( yA L^j^aA l yp b 1 (a^aJUtu i L^aIp u|j* 

• 0k ^* (_5® jL>*Ail jjdu A^5Ull jl>iAil Aa^jL>- 

JxJw? a — ala^ i L)j5o < yp i-iLd-jblj (.^jjJL; Ja *Ij : ^■^i.i.iiX (♦) 

oL /? j -J-tXa jJjA £* (J^ — ^ 'bia^ AaJjj^I IwaJ^I JL_>- jXz? ^lJu y> 

i_J_^Ai»- AAlald i y* j-^LijJi v_jJ — >- ^P ob,£tjJj>»jJ.t adA — ru l bjjjl JaAd J Aj_^>" 


Ja—^j ^ JLJrl olf! j-ji-Jl ^Ip! (-Ij-fril “^“-i V-^' 

( L_5 jp~ j] ) LjLUjiT Lws^J elyJl lJI ‘-^ cPjdJ 4 JL^Jl 

jJL_>- jl-o ( o.L5 cuiLS 1 ) Sj'y ,y <_?H ^ ^ 

i>- jj jJI oJla i_j jj>> i-prji J^aJ ic_iil£dl oLL>p 

i_j j^>- i^_S'li)l Jw?Lp^i 4-p^ _ JyJl Jt— ^ ^ hj-~" 

■ L-o^Jlj o* cJ^ 

plxill yluf'j ^L-j V^“ : chinook *u*±AJt ch < r > 

oIa JUv aj (»-j <JUr ijyJl ^jAwJl flU^U l^I ‘tV^ O* 

^ij ^1 tS*}ij “— «*iP JSlJLj ii L-Jljjhi 

t$jj_-J6 (_5J>3 j_j ilfc_U t-*fl ,jdl ■J--M-I ji~^ij 46 ->Lr^ 

. J-^UtJlJ j-dl C1 jLL*jo (_5^1 ‘"^■AS' 

lijLJi iudfcf gbpi ; ^ 

^ (J*pi JtA— >• l - r ^j Sij^l o-b-l-^i £-Ljj : JO 1 * 1 C*— J 1 (0 

JL >- J ( _ 5 h-"'* _jil UwJ ji L-W> tjjjJl (jplj jlJXol J ufi-P Ja_u*j 

j's - .H i Aj ot/] 4><jJ,l oljUv — a ^>*j ^-LjjJl o»LA — t_jNl 

4-pljjJI J~aU. 1I ui"^} L^jj^A (^ijj ,_/il SjUaII (>• i^J <■ 

. <L~J jiJl l^wb^jjl J>-L* t_jlp 

^jjljj *y l j>d\ «U- i -^-' 1 JljX~*U <uAj : bora 

(_«^aj t i*j j—+»J o-bA*i ^ j ijjLojJl i_J^/l JU>- j—^ hjjj^ (3 J-'*' 

( _ J ^ — j’ 5j jh j Jj )\ j-Ji ^5* i_)P 7-^" |_5^' \j\jJ>\ i— fijy 

. f-hJlJt J-sos *'4 : r ly'V^" * Jjtr^k 11 


. wLir^l <151 j\ £-jii)l <0lST UL>MJ ^AL (^f) 


• ixt l ifLLiiiJ 

* * * /r !” 

AIjIaIL) ^tA/jljJl AJ^Aj J (_5* J — jt — 

i_#* ls ~* — £j — * — 0^ (jJj '-iUj £~>r jiji 4 

• ji%\ flllj ^ 

^ *Ulj ^jajLJI ( jjj L-« ii _p»ij j‘L-C' jJSvJLj Ajilft £^j.j j — 

AtSClj us*^* j^l ^UaJl ^ o S jja^* 'Aajj 1 J_jhl — ■»Jl -h-s* - ij^ 

, *ulva# CU*-Jj Aaa^j At? jp~ 

y>%j l)L^-l J-vaA AiLJ. {J^j-i, *j IjLgi (_r^y^ _pxi 
Lw.vj a>-\.j,— .aJI ajLi*J,I 

^Jaj eLUdS" t tiUj ^ K i_^J>i_s* S_^J * (° — ^ L^l Jap- 

. aijL oIjLj I^jIjIjJ; ji jjJl liUj <U^U -j Aili-I AjjlJll Jj-I ^*J l ^ ayl 

i-iwi t j - j.i _>JI jv-w. mJ Ut C jjU <w^-JaJL_j ^>«J! t~ Jj*P> (J^jiJ 

A) J I ' J.A lift fcXt | y* ^ 'j l I"** 1 ^ I 0 ^ ■m\miiih ^ b 4 1 ^i.AiVS'J ^ 

j* jjj aJx«£»«^ j>*~d\ oU> aJ cJlj U ^JLII CJjil jji ^yj ) jSM ^UJi^lj 

I l„^H J^jL*-Jl liAjb t ) C jl^Jl J^A^** j 1 Ojl 

.< M JCS) JI jJI 

Air - Masses iji^i juui 


AA— da* I d*l f yfl liA->“ A— ^jS> oji— >S* A^j l 

^ — ■" * , ^ ~ 1 ^ «i ^ AJ i i i ^ ~* ! £ L) jij- l- .-*AS~ Lwjl.—^ 1 I ^a4m^ ^ ^haII 

. humidity Ajji. ^Ji j 


i_A j oiL*« p-Lxj! Ajjli ji AJa^s^i oU-Liv* (j j_yUxIj ^JjtSCJl oJLa j*^>j 

iJU- ^ j i AA-jJwaJl A;—^! jJl AS - ^J-lj -X?! _>Jl (‘I ^—^Jl AjjUap[ j ^£i Aj^-L« 

, Aol Jl aAxSCJLj i-iyj U (1) O jb jj Ajj! ^>- n\ 


l-i.^.A— ]bl!L< jt ) { _ # J_j*'i/ 1 Lj_JiLiu fjr ^^ — <«* A — J — xSAJl i_A~waj'j 

continental or ^ ^>J! jl cSj!~aJI U jO^a* m j c U f>~ J-Uj t( AJLoVl 



(r aJ£A) 


ibS" iJaS P j LSI jx^l E j LjlwU *k£)l at T . maritime 

. <u5l Lj >« j 4iiai* ^ Lois l$it mE LSI 

^ j>-\ ^jlab — « <uL^Nl t^ilsLo {j* LS'j-ftl f ^ttj 

OjJl>o LJlifl 1 ^vSjLa>- i jA * j Jji-Joj (Jjjuj l^jli t<U>-bi,l 1 ^vSjUa>- 

t5j4— ^ ls* tjjjjt Jlp J jJI I LjlaJ.1 J^Jl ^ 

OjJL>«j dU-AS" . I j^ojJi e-Llt LjUaj^—j i > jP j i_j jA>- ^4 i >Lv aJ l OjS^j I — « LJtp 





mai it mt polai) nip *uJa9 aj^_>u j£ L^xp jl jJLjxt j»Jipj > j I 

• *^1^ tjjt oU ^jlatLU'Vl (Jj jjm ( mass 

Cyclones and Fronts ,< aM$ 

4»1a ^ t_jjj]aJl l)j5vj jXa» <Lul jA oljl_J L»XP 

. frontogenesis H J/ LLp J> 0I4J-I 0 <lbM 

OjSCj vX-j- '-*^> 1*31 ^ — S’ j>- ol^jji-1 JaJLit <uJajiJl X44M vW j 

ijs* ** — 6-^1 “■•^a j*-t — *jj <• — saIp! j\ depressions oL pi . >*Xa I4J jjiaXij 

• xUa~»*il ijji 1 l _yixJlj ^^ujUI (3 ji l^vijc Oj-Sea ^y> Sp 

I -1 a>- i-J^p OjS<Sj iijjl.Al,l A4— J~l U*ojt olj—J^I ^ j 

l APj-^J Zjjbjj ijl JS~ lf*ajL<a>- ^J, | jiS L f^Axj ^ c_iJh*J N iolyo <JLxS" 

. Jjwb>xil t _ J >-h],l jiNl djli 4Ao<^<aJt 0I4-JO {y> lillJJj 

1 Lot tOid^Pcill 4 — 4*sM •^>~jj cJl o-JtJl ^ 

ilwi <y , ^ 9 “ (3^4 js— _^ljp JiCi ,_** LiA J— jiaX* 

c3"-/^ °W”1 (JP* ctUJJj 1 0 J v* 0 ^p 

^ 1-4*^ J l j; — ^»L pN 1 ^»l>t__>-i <— a!x>Jj 1 ij^jij-jdl oJLa SJliUJi 
• £jj* J** J ^ 0Lp~Nl ^ j-iS” JjjJ ‘O'-^'lj ot>-L~o 

J_>3s ^1*^1 Oj*H jtsAP^ 0 j5o \ JljJ j 

'‘L^ 1 ^r-ij t! A> 1y jLaa)H Abjj (jjidl lift jl £*j tlvjjUdl 44^ 
(_il_3-l ijLJl »!■! j — 4J! 1 — wj ^ tSj^' ^iljjl 

0_J — ® £_yil>AJ! p-I^Jl dji — vajj t — “Jlj 'V~3^l" <_j* ^yJaAll 

ijlJl jl^Jl 1 — o-to “CLidJl 44^sl-l iJ ^Jb ijUl 

Uf«aij 01 s+z~*ij to^jUl if-sLi iikta J> aJL>^ J>uj JLpI J} jyljJl 

1 X^. ^ i_5*J t ^l-4t3“l Ol ,^1 s _|Ajvj_J| Lw^-vijo 

■ t*^ l 31 Jyl-dl *Ij4Ji L Js- i^Ul *1^4)1 ^vaij 

(■Livoj^ ijb (■ Ij — *> ■ij-'-'J jLs^a — jUx»’l/l ,_j— ilj U Eilpj 

.( ) jUa* 1 ^ jjj* »UJi aJUa 

*•' _ ,/jgl 



( f 1 IcVl 


: Tropical Storms aUjIjU! ui-uo|$-a_M 

Lg_JlP (_$ yi ^ I JaWdl ^ dL-s- j^LLkjl ojL— P Aj jljil 

^ ajjIjJ. 1 o h»j ^hurricanes ji j~s> UMl alJuijjS' 

: l _ s L U i Jlj>- sap ^ aJaxaII 1 j^jjaU aJ5jI~JI 

. oLg->- IgJ AjjlJlil Av3 1 d)\ ( 1 ) 

_yu jjUl jJ-s^d AjjIjJ. 1 i.„ Av^ 'j — aJI JaxvaJl (<*-*■*) 

• Od^A^ 1 $J* <y ^ j'dd^ ^ ‘ ' 




Ibjlwdl »— av’l ^y> j-~*£ ^1 jtUll ^ I^jJp Oj5\j L-* (-*r) 

cjI j* CjJ^aaj j — tj t Ul>- I* L«J|j (_g JUl <av»lxJl yS jA f-Uix^U 

• ^ ' * ‘ 1_A j _0 ^ fA j\^A A y d J? ^^*S*^-* 

LaXjJ C J — pLsb *I^A AjtlaXd AjL JjU_ *il _/“ J— C— ®) 

. ^5l jA Jb j*A iS>Jj>%j Ajjljil AAvbUJl 

C aJ*TX*J 3 >Ull ^ . ^ yjLp'VLj AjjIaLIj AjjljJd v-JLv^lj *Jl pl>K>-I JjU (j) 

JJ> ) I jS'j — « -hu^ jt-^" ) * • 1 - \ 0 * U Ajjljil o lsbl J— «Jl jUalt ‘^c 5- 
dowering cumulus aa- v^j <>jJi*j“ ^ Y° y^> apLJ ( jLslpNI 

tAXdlS^l! Sjl^rM (3t>UaJj L.„j, jl^xJl ja (_£ ji*\ 5 j^> ^ytj J. .^ Aya -lll Ailla l)I ^il _plj 
ja i_iNl oJ — p (_5jLvJ < AjLSCxll LjtjJ ySiijz—Q Jl ^ il>-|jj| AiUaJl d)t_j j.J — 2 jj 

J* 0 iJLJ U5 (Wilcock D, 1983, PI 36) AjJJl JjUaJl 

• jssijt 


jilaal l ^ * >X.->A3-1 Ap 1 1 1*,,, ,„1 1 j y ■ S ' ^ Y * (2^ A«-P j*a ^-I aJ 

1 t w.<J Q jlXdt *Uv^>“ ji5t JJ £JtJ Jj jr\ ja\j I — <L 1 a[jf‘ jaS-J 

k >-w-j La-p „L> «il dLvd ^ 1 " *.y LdwX^p^j (» LjJ 1 i 1 ^JaLwodJ I *.Xj 

AilJu j l ^ t S\jj^Jl stdjJ ^iSvJl jd-fill > ^*wa-Sl ^ All iLiLlj , 1 $j aU.1 jL>»j jj/wlij 

Ja yp lJL-yu ^Ajjldil aU-jJ'VI L-dJCP 0 j5c j' ttjJ j£j 

Lk^il ( 3 j| — • ^ \ * «- ^ ^jP j— & iIkH f 4 j-cuwNl 

oJa iji ojbj °_P i— < — *J jj t|»YV o jl j^~\ A>-j^ (^J 1 '~~~!?~ 

Ajj_pdl frl_^>- , )!/l ) i_A sbl jjJl ejlft jS jS Ld SjLpj IAjjIJI! I_isb I jjJl 

Y 0 • • Ajj \a Aji^idl Aj 5 ! I AjtJaJI l 1 L<w ^i*J oUa^til {jA 

AjIJu yji^S yjp Ul i iadj JIa \ Y 0 • aJLI all AjijJtJ! d-!j>-Vl ^ L_ »JUj Jl d 

Aj>-j t^ e ’ A4 Jj*a j— *& cJljld LAil li jSh 1 — oiCi (1) j£j 

.< n jo ) o^i 

: tornadoes toji>ul 


5 £l jj^l ^ ^Aj AjUJJ Ujip thunder storm ajwLp_, aI^U 

daLdl^ii JA 1iA>“ ,..< b y° O^^Xj Ay » <» 3 C A-db^tllj f ^3 1 

dL?“p Ajvdl S' J <_^>X*>I Z^lXa l^jls’ J‘-pj AjJl A — p^-j! AjIp A«jI jA 


. ^jiacJLkVl ia^>dj,l ^ JLa>* ^y* ^ j>*& U Ij^lj (#) 




(r- jsa) 

j&jJ Nj Iaj-A* - curls' tL)Jj 

• L* j-^j* >^P l' 3 ^' U^l— A>«Jl ixiivaJl -lsu_i _yu \ ■ • 

^LS’ o • • ^£. UL>4 UjJj <-i^>xj ipj—Jl ajUJJ <tiLiP 0 l$J ‘Ls-lvdl 

a5L« ^ jj£\ ^jj^-jJl iiv-jJl ^ S ^aIIsJI oIa jjSoG j tipUJl ^ _ / ju 

ili-1 isij^JI jJ^ij_l!| I^J jX ^^xJl ^yLil j*u t!u jij tAtvJl a jA 

1 (_s* ■ 5 ^ > " (jiV’ l — J ^ Sx d dj&i L$-ii J^iJ l ^jp-jLil-l Jaiu.a,iJ 

• “4rr cs^W - 

ypj £LLU £f$jf : It imG 

~>J^ L5» (J- 1 *^ 1 Ujjjl Vj-^ *-*yvJ 5 ($>■•»*>< JjuI*4I £U4I ( I ) 

‘ l-^5o A_ ; olki_ ? J| L_J.jSj cLjjjI Ojjl^Al ,ji>Ullj «, 4-S j Ut3U_p-Jl 

. ( T \ ^ {jg^?*** 



(T3f li) 





LajJslC ‘j* <ki> If — i^j Jlj-i> 4 __u jJl JjjU Jabll o jjb ys j — ail I jii >J 

V ‘ ) j»-L“ V 0 ' SjjJwJl Jill 4_ S' ^Ljj 1 4X«J| ij y/3 3 <Jt>l>- JljJl 

ioLujsJ ja JjLj » JjJ! *u^ yil <uJui-l ijJsl-il J lj-_i S’ tills y JbjJ oi ( <U£> jj 

(J 4*j|J| j\ iuIs-IjJI J:>bJ,l yuu J Jl> L>iu <. ( 4 .ujj! ^ I-ixIxSIvjI 

(J 43 J J ^Jl Jj ^jS'-bll j»UkxJl |j_ft jilaal t£-ljjJl yOUA 

. * ly-’iH JiAJ J olxi) jit 3 j>-j La y\j y> Jbjj <, 4 ik>«ll 4 i*Jl J yai 
• 1 — I J 1+ai J jlail 4*3 jS jj £A iv_iU- J/i_3 3 J^TJ |“.X*j tiUJLf 

JU — i J-lj~Jl Jp 4 ^jI_>-j c-jLvill S J — iSCj „ Lvfibl _ ^J-LLl j»lliJl IJL* _}~— w 
cj\ yi 4jJ £■ jJl ^jiv3lj_jJl Jjjjj t *lxiJl Juai J Ijjjl >~ J J 


a jl jiM 4~j>- j3 ^lij jl I~yy i—ivS’l j_*Jl Ji*. J 


t_ji. — vaJl (J-s<ai y> 


‘ 4 -^’j 1 — y 3 y-J J cijJjhtj l*ii« aJL^-IJLJI JULil ( J 4 ^sl>-j 

J-t’J-i ^ i-jsaJl jjf — mi yA jf _ aa ^JS (JtA->- olj4 1 _ 0 yj> lfl>3J_P £-_j1 yj 

• ( y^J>\j yJy>j 

oi>-j3 j ^ — «*ji ^vi ijjh jjijj-i oU-jwii 4 _^jJLjj 

2y~j Lfcijj 1 J-lj-'-il j»Ul AiiljJl oljL-jJl _)JjA e-lxill J-/J3 a jl j£~\ 

<—Ly3i\ Jvas yj ‘ ■ijt-Jl ^5^^! at jfJl Jvi> L-aJJlP olj3 oJj jJl 

• ^rj i yiy>v Jl j-ljjJl yj» 

Ijl-yJ <yy>- J j^Uil |»UaJl IIa Ji-o ; ^. u . f ;t ( j^jJI (0 
‘t’J^ J iL_Jj_^_JlSC ia^jVl (5^Jlj tjj.Jjjilj 

t-jjAil Jji Jj tU-ijjij 

C LJt lg_Jp ^ ^1 Jtbil ^ Uj^Pj Ulj^al V> ^vxj'j r UJl 

. P-lxJl 5jkJ.I 4-Ojkit ^LjJlj IwjL/JI y 4 j jUtXil 

j jy: J aj y (^jJl ^ _^xJLii ojkc ^Idl IJLa yyxj IjiSUj 
liUl CJ Jl ^ J frliAJl Jsua Jl _y>J| jji ol jLj y ii __p^ t _ 5 xJl 

<y>-S ibj; vHJiJj t iojli-l Ljjjl y, JaL OJ ^ jll ijuAU JaLa 4_J 

£zij\ JLa2J> Jj I iJa^jd.1 j>Jl jjij yjJ-l p J-| J J^iJl IJ^ J JJ.J 


J NLo-si oljLw » ^jp-yi iA>jl»*j J-l j 

, ^lp ^jbll A*aS O^ljJ JL.rt ul l ^jAa t ^3 . la .«.a^*l i ^>«jl f ^IL-^JI a^^b-l 

I j t J i-| 1 j^*- n I *1 1 1 jA J i^jLuMkwf^ LojLisjij Qj lj.Aj J- ■'V LJ AoJ^j^Jl ^*^ JLrtji 

• J-a ^ Y Y ^j^jla ( j* L^Xa Jx<U«o jt-L« \ \ ■ (_}jlb> (_j* (_£ jJuJl jlall 

<ulaXa Jp LSjjJ^^ £Jtijll *uIj * jkwi '— AwaJl J Lai 


( ^ ^Y* ^ysn i ^ ^ VT i Ajli i_i_A^i jj ) Jill 1) yu» jJ _ j lIDJIIj t J sum _jxll __ r _><Jl 

t. V—l twaJ l (J-A* — > (_J* L^-t-LrtJ jl_j l A — XJXjl (J-\A® J t^Jld_Xpl r<*J U 

^Jj yX$J Ol>-jJ5 V (Jyjljll JxwO Aw^vJ Ll^J jA 0*X* Ojl J>x3 

J$ ^U> J^>- AjiiaX* ^ j &~ I b^j* t Jl jZ~S I £4jj l-j ^ dJJi ^y» JSl 

L<>wAaJ t A-A^*J I LaJ J J LS* 4jV JJ I C I* \ Y* Lo ^yj9 

.f°u j ^YY* UaJjl Jp Uf* J5 J jJjj 5jl>s- Jvaj" 


a.-o ^cvii j J5Jio ojlLwl aJjJj ^-UlI I t ijLafr! , k aoJ I £LL4 (t*) 

^y^Ldl j*UiJl I JLA» <, v^ Ju va l l J~ya.J ^yi *LwpL>-j SjI ^L iJjl 

^J»v<imO ji c *C>-w>J l t«J I A. * 3 l Aj J IjhljJ I y * Lj I l,^. „ , .«v-L^* ^1 slv*«avJ ^ L*J I ^ 

L<v-^3 Laj^J ^yi *AX<J,I uiULl (jUaJl liili t ^^5sJl pI j>r^a]\ { j^ 

J^xl J VLvi ^ ^ '^ a> ' J— P%Jl ^5=*-^ 

^ OfcX^o**Xl •«— j L j ^ I j lijjjjl f-lj>csp tU!^u«l t_j^p 

, SjJ^Ll f‘\j>x~/3J t U4 Jj3| 


^jlJil iilj^Jl ^ <*-r ‘Ojl’ jJl <U-v~j ,jJ>\ i>ul (L) Jr® Udjj_9| f-l^>tv!> 

j^vit ... . “ vjlUJUj i l^l>- ULiJjl ol>-ji — ajjI ^Jj 

U»Uj j* ^ A j_>«J Jl ^jUj 5 jl j>~ ]ajAySj> J/sj j t _^_jCJl (_5jl jJ-l cSAi^i 

Aj jJ ji—A^l ftfcXjwtJ *\£ J t J A t | | A ....J ki l I 0 j' j j-* A 

jlk*Mlj . v»jL»a 1I J-iPii d'^>- t 0 jjUJl J ojl j>- A^-jJ Jp"^ 

^jJ>j\1\ ^I2j j-J £ t JjJ J__*j l^j — a ^>-y j lA>- a — LI» ^UaJl IAp J 

1 a 1 *C 1 1 fi\ OjI^^AI ^j-a i*Ap cJ^A— j&A a]xAj , ^aLo — fl j t ij l — 

vJllJLl 5Jb- Jij j~ij . Ul j—*»\ a\j>t~^p {y> JfL aj tijjj^-A-l 15 uj^L 

j^Jj^ll jl Jxva _J_Xa ‘A* I — si ji>1 _J>VJ oL-^-Nb oj\ji~\j 

. m __ ..., .y#' 


ol S—Ju^aVl oj^—bLJl f-l j>*^a Jl ^ i t( T\ jJSUJl ^u>-lj ) jit ojlail 

b JtiAxjXll yx-Jl ^LLCj i±Ui i^jtxo ‘UjXJLlI jUif'S/l ^jAaj <JL<>^iJl Ljjl jial 

^jXJlj ^yljwNl yaiioll djUaXC <daj ^ll jUiaNt ^yuu *lojUJ Lji! ji>l ^ylXj 


^—Ia J^^aX $ ^y$ bilJj} ^K^lZZj b J^— JjJ J ^ A-J l O ,AAl JL}^—>Ou 

jt-^< Y Y , o jiio 4 _ i ^S" (_ 5 ^j 1 ,_Jta jMxLlj f-l j> t^/aJl 

• (*-** ^ ) A jJ JJ ^ if^-» 


^JjJ — *j ^ La jjJ (JJjl^_>cvaJl £-ldl Jawij 4 _x_ 4 j ^ ll J^abil u-c*Jj iJlU-L-S’ 
ijUaj Jivuj CyM — 0 > jy>*—£ jg. - la i'j bjllxfVl ( yi*j -A.- ...jh . ,.,aj j ojl yl~| ol >-ji 


£-Ci Sy 5 "" J L jUtp-'i/lj cs"^' k - ■ J U — ® j y (j* JU-I jA UiJu b £*OCa y* w> 

•r- Y° u -> Liwl 


Tropical Climate rf jUU £tu/ (i) 


^-L« JU-I jjSu biili ^ jAj b i_iU- p.li_Jl j ^JaX 

U-y yly— ^Nl £-Llil “JjLX £c-waX_S Ia«/> ojtyEl ^uuyj b .ktyj j ...I I y»tJl 

^IjX^Vl ^-Eil j-j iJlial <d>-y Ji^w ^UaJl |J^j b f-iUJJL f-LxJj! 

ol^_U-l yi i_j|jXs'VL> _^-Util jbjj bilJi (jji Pj b(_£jldll (_5jlj_>ii S jaJl £-Uil i_j j ^li J 
jjU yJ; ^ SjljjLl U-y JsuA-jXf .^jUwiJl j>»j oUiNL Jij iJlyu«Nl 

f-Iji^Vl h>~ j>o iJLwJl ijjUcdl ^-Lj^JI VHP ^ Ul bSj-j^ TY 
V* 1 — ^ (J’ vaj -S ‘JUajNI ( _ j Uj ioL_Jl sLU-l jLJ _^jt_j c-ili iiU*- 
At ,Y UC-Uu dj^-^S J>j bj^ W ObjJl bjj^- %*Cj> ^ (_5 jjuJl ^1 
j^aIj . ( iv^jj Y o ) ^ TV j V LJjy^j jAj'i jj ^Jij b( isfjjj YT , Y“ ) ^v« 
^L_wJl <uLJ,| fbii^L oji_U-l jUw (_5>-bil ^UslxJI IJLa jJaL* 

‘ ^UAll ^yU-LJl billaJl Ijjj <yJxj 

.( TY J5Ct ) LJlji^ii JU_ij bLSjyj ^ LjliLJl 


Equatorial climate ^l^UuXi £l-U» («) 
jl <cisf5^LJl jisbil ^ f-UUlj b_iwJl ^ J5 aa»2_U-| L '. *.*> t 

Jai_: jLkfMl jl U5 bi_Ul Jl> SjU dilij bfljX-^Vl M- SjjM 
-WcJl *uUa pJo" ol aUj yJiJl a^u l^Uj <xJ| fU yf ^ J, J5 ^ yL" JSCL 
jLSLj ,_Sj^J| tJjlyLl (^oiLi bLJjJl ji-l oLXjbf ^yi b_4iLSCoJl 


~kji r tS_b~|j tU- Sj^jUx^ oO^ ^Ai«i 

ij ^ \Yo ^Js. ^kil yp. L_«l ‘iAJi { y-f- ^yjJl c5jl _^l cS-ill 

tp-'**’ ^ ‘ Lf^! l/ ‘ j4^ l5^ l 5* f°Y ‘ o* JJ&M l4> SxJl 

• ^ iS .^^l ''*7 A t / ~i ) ( t ^* 1 ^ ^ ^ SjjiU«x») (jij 

)°*~i b^'j C’onvcclional type ( ^jlpUxJi ) ^Jl y. JA\j 

Ixa Jf-b [S j! *'^ a ^ y> jUa^N t <e*5’ i_iix>»jj . Ju.ju>j ^iv^l y- ,_** 

u j* j£\y u^j-^-j ojjUVi y>y~ ou iftijU* jj^Uj t>bjui 

bx_j V ^ w • jjJl _p- i a^yjj ^ Y ■ • j \ 0 ■ ^ L-4 j>- j! Jj 
lbby*l (j j*M A^aA 3j>-j dili ‘p-* Yo • j Y • • y+j OjjbMl ^ 

J 3 ^ t 4 t*j I ^y at^sS* t. <5 j_All Jjjl>x_x!l ^-lijJl ^Ul L_2 jIp jjic 
Ijjn y <U r ~Jl lAjjbftill qLjJI *'-p-l^> ^5* jMj ^JUl OjjUNl 

. c*-iL» ^yXlxll ^UiiJl 

Tropical monsoon climate ^141 uro-m^i £lu» (1) 
jj-waIIj bc^jl y Lv-I lutes’ Jj y l~j y>? ^ 
f~y* i jf*"** y* jfa* jt**i jvT* V I I«1 a cJ Jfi *UjLJI oUtjwiJI y bi y 

1 •cit-dl •bil l».»^>- ^4^Jl Ja*>J,l yA <coIaJI <cjiuva 11 ^-Ij^ll j»UsCj lv ," y 

\y y>- • (J”'— 4 yAJU ^Lic^b isb—bJl JJ^A Jb | b , “ i—il—ijt-l iy^jj 

lo>- «^_}jJl jJail oU.4>5 ^J] Jj ya ^4il aij iilijT**' lyy^j t jj^JI <j 
CjwLC ">li4 jJx . 1 U_Aj ■ U'ilU^JJ hjyJ^\ j—s^j #JtJu ^ btA.-Ji 

o j — * j (<ua j. ) V Y , Y ) \ AT i <uj_CvJl Ia jllwl ^X3 SjJL_c^J| jj 

^iijL-JI ^ccjjil ^ Sjl^l J-pi jj ( l— Ay Ao) Y Y TV friy* 

^jll Y 0 J T • yj\ 1 (jr J ) Jlj xJl ^S- \*\ J Y £ jAXj ^J> 

qUII i jAj\. ~ - a> - jJ- — sO-iJb ) «bj— i_4 ob >- ji l^w-u Jip fj ^C«Jl 

. ( >_jhS3l l>,tA ^4 \ 0 *\ yp 

: JjUJI jjLDl cLUl (V) 

iC-Jltt^Jt ISu^—alj L..„~ui Ja*AJ J ya Ji ijLJl (Jljbdl ^LiU 
<cbi) '^ S T y ^ * — *i“ >_ (_yiJ^T'l • ^SvJl L-ivai J — >• y ")l t oi jUl SjjUJl 

c.f.i y**!i ,j.*^Jl ijjl jJ-l ij;4l jCLi Cut) 

' ■:.- :— TA ... ; :,.,'V. v: __ _ y^l 


jjlaUIl elfc Juu . <Lj jlJpl ILaJI ( jIj_p*Jl '•iUj ,_j* (jHl CjIS Hi jLj Ajjli 

£Aj jJ ^A-.-yaJl ^ 1 »Xj t bl>- IvsUpxJI pL_XJL)I ij\ y- ‘bpji q — »«Jl ^ylj _^>«Jl 

j»j y j c Ljjjjl J^i^l c5 ^-biH »-* j^lsJl o “** #jl ^I-l 

XjXaaJI ^sld — iej^l ^j£> IaiLvI ^^pllll ^£^1 aJ| jI-I l£X 1.I ^Hl IX& J__v^Xj 
uVa^y J a ^-v.j <L«Jax» ol5 0}j ^*l*Jl Jljla I jtj& llA __>lailj t P-lxJLlI SjI^>- 

t c 3 ^_£^a**H| 1-1 (JjXll A-b-J^g . frli.iAwil ^J-s^ 3 ,. 3 ( ^ ^ . la fl , , M ..» ^Aj 

»jl y-j • - jjIa; SjI jsLl i*-Lj lL*as>- ^"Vt verkhoynsk iILJlij >- y 41>ju 

^Ail 01 i$\ <■ J^Ji _/$—! 1 jJ,Lo (_/ j» ^ - jSL^iy ^Jjij 4 ^ 1 t 

(^* ( (J^” -l 2 ^!--^! ) jUsloMI •UjaS" £-Ljj . • l^j (_$ ji*Jl ^1-1 

(_jlj 1 ( 4 — ^ 1 ) ^*— L* ^ V* i (_jij C ( 4 ® ^ ^ \ V \ 

(jlki' LxJ 1 u*j ^ pJlNl IIa -ljuuj .( 4_so jj Y • , Y ) jju o ^ o ninpcg 

“yj-y ^JJj' V j * (^A 3 ! y (3 Jl ‘^‘•O y-^-* y° j* 

.( NUI to jfi j& Jaw- JU-I ) LLaJI 4v3j^P 

1j~ a—S^ op-* "I 2 *- *-** i 4j— sip! i y 4 — aJ 1 ...J I 0«->- 

, ( Y* Y ^|S1aaj ) I — Jl ^ ^ j — " — s ip I ^—lj 6 aXs>«™a1.I 

Lorentian climate ^mi (A) 


4aaa«jj . J)j — «J| 4^>- ^ _/ll (_5jlS— Jl ^Uaj ^yAbil ^UiJl IJU Jb»u 

c5j!^ 1-I <_5-Ail IaIp it_Jl__ylp! ^ js JS ^ IjjjjI i-p 1 /- 
ia^lillj SijLJl ^-Jjjll ^ £4 >- yj t4jsLvjL Ua 

411 X 1 ^ ^-lall 4AA-S - ^JaJJ 1 lfl« (jS J >i> -*Jl t-uli-l i Jj> aJ jUt 4J jLiJl JxSOl ^ 

c5jlj^“l cS-t-l'I.j <•( iY , \ ) j*_U ^ ^ Uiil | |JLa 4 *il ^J| iJjjj j J 

l_^l J^Ji L5® f ^ (_s® “jl 4apji (ilpi ^p- 3 " 4 >-j^ Y l ^ jl«Jl 

J^r-i ^Lll ^ Halil IIa Jlalx ^ ^Ul (rY) JO ^1 _, tf Yi 

• i jij s r ‘Oi^* ii j-- JL-I j c iJUJill 



: OljUUl Jjujutl £LUll (H) 

ILa j** — l»j c ^y^vaJl j^Hl J ^J-sLl (J^L-C LL— >*t ,__y>-Lil /> Halil IJl* 

(1)15* ijjj (. 4 ~<>a^a/J,| jUio'SM 4Jb ^iJl o^j^lil <U<UA^aJl ojUslasIj ^y>-bll ^Ualll 

Jlr> Lr° Sjlill ^ <uiiAA 0 la 3 , ,a<i o [_5 <.A1*aJI Jlja J=> jjLJl |*5b Jail 
ojjU ol>j_< u r J -^^ ‘‘■LaLII ^jCj a!_j j iOHLJIj ^jwill ^ J5 - 

^- ”^ 1^ i«fl-s^al^_P *a-aa-^j LL^-Ij t ji^yp IjllsLal i _ a a^a i JL& iJLo^lJl yya 

■ Lrt"’ A ^ kuij (_ji H*J I >-ij_^laJl Sj^Jj jllaWl Jfljj t H ‘-J J ® ( j*Ma3l 

'~~r*' cs^'^T* ‘La-*- 4 Ha “die Ul jiojl ^J> L<aj| ^-Lil IJIa JJUii 

( l_A~/lJl ) jjLj (_jij ( ^ I Y jl)ji jt^ 1 ) *1— liJl Ja/19 ^ l$J Ojl j^-\ 4fl>-j.l £_LaJ 

(J—J JaiL—Jl y^P lot l Aj^Io olsfji ^ • ^>u (_5^1 a-J| t_$jl_J-l (jjjii ^JIjj tj*YY 

0[j <• 4*-*— ll jIaA — a ( Jj> £JjXj t ( A_a/?^j i V j ^ ) jJL. I Y I V ^X«Jl Jail 
(‘-H’ jjHj ^ja J5 Jail <U«^ Jvoj Li—*- (^j^Hl <— i iwaJl jj-^i (_yi 

• L5^' C5^ 

*“'*c > " <Ji Jj-Jl \ — d iA (ji** 5 ?*./^ ci./d 1 -ll — <3 _/— ^ j^Iaij 

y>xj ol/NL J_5 j jjXJl aJ^aII La jlkoL y^ ^xll L^ixa-j^l ^L*_J| J _^a 
, f-LuiJl ^ Lf^lLLjlj Ia*a/> ojl^J-l *'>*jj ^laJj |«a Ja-IaJJI 
: ki(J-f a. um ir buM$JI l >a$>*J I ^LL« 0 • ) 

ISL_^l; JL_>tj Ajti; ^ll ^^...,^,11 j*JlS! ^ cs^Hil .kfljJl Ijla 

^Lil 1*^ t(^Y) jyJ j ^J5aLLI| kiil^ ^~c a/ J -aJ Li — S' L-aj’I -ia-AjA ijj A<Jl n aa. , ll 

(^jl y >% ^p da-i' La j ^ L c^aaS" ^Lll aU-^j dl c^*-d,l 

AV (_J^—Jl Jail A^aSj 4 ^- ji V ' i ya j£$\ ( jj {Jlj ** Jl c5jl_J"l (_$a^I J-vaj 

. i — L ,A,< aJ l (J-*4a3 jJ l^-<*ix*A0 . L2 .AAA J ( 4va^j V , £ ) JL* 

S>l<k>At)dl AAA.i a .flJl j*Jl— iNl I^aIiJI ^L 4 ol>L yy> Li i, Jl>tj 

wb^iJi JjJL c-L-aL jA^ij ^aJJI ^jisLl j ^jLoJdl 5 jHl *— fl-A/sJ ^ arcticrcgionAS 
jl^aJI oLhAHaaII ^tflj ^Jj ^acIiaaJI Aj k >i>- i vli jaaaoS k_iwaj S^jjJl 

, -uLLl 

i^-3 >-la- — I xj LNU*Jlj ^JaaLiN I ^Ja lJLL| ^A LajaJaA I — a/X>I Aa-LaJj-I oU-LU j 
Jl < r’~^n_jd' |_5^ ^UlP^I ^aS"| ^P^aJI ^lILaai ^Jp ^Ifljj^ll A 5 ^-j 3 cj^" ^_Lll 

(3jl Jl C—aJwXIJ k I^aA Ajl— ViLl jl ^aa^aLJI AaJj^iI jA ill A>- jJu 0 Jl‘ V— Aj U»- 

, aSjLJI JalcVl ^j^La JLc (_gl 'JMrl ' Llvoa 



atuit 

( ) 
Hydrosphere 




^ AT Jix t _ s xJt jUJlj oLkjdl oL~<> ^ OjScj 

5-^Jl Ul t ’/. L-~wXj dJlii Jbt; eUM t't-W’j'yi sLLI 

0*3^ J* V 1 ^-' (^' 1 A ^' 

otAjJl; i_l!Ujl t_j*w^Jlj fill jW— tl ^‘ ^ 

• 6^ 

olLpJ.I_j _)L>tJl) JlU ot>Lj Jl l j 1 aj'LA£-- » j— ^Jb U-jj 

, Ax> jp^-1 <*VA\j^ 

ujUxa -^19 jL»«-kJt — V 9 I 


it. AXX.it \ I ji«1 i * tj * 4 

jJlP is j_>- jll CjUaj^cilj jU>«Jl (JS" ^yLp |»L*Jl 4_4 j — 0-aX jl»*J -^ii) 

( j/j l ^A® 1 jJ? ) <uU-IaJI jl>< Jlj oljj>*Jl \ — lx 

: 5JWI yy 2jlvdi-l JtA>- ^ f ^ ® 

yL_P ^ ^ Joy Vj iljSxii i>-L— < yA JjI *_J>-L~« ol - 

, yo yj> yJ-^ 0 y^A V 0 -Ls^Shti) y&J C^lia-Ohtll 

l)^jjl>-l I j>cj oLS’ ISJ 'ilj jo> ^ • * • yA Jii C)j£j Lo iJli j_>»Jl (Jap ~ 

ijU, ( j^U l a_>- y* olla-pJkl eL__« yfi 1^aL_« y~*J L-« i_-J\>- 

f . if?- ,y> ^ *&>\>-\j 

ya oUaoJ.l)j ^1 ^^jLJLj L^xL/’ ^jIp jLnJl 

■ J\ y- T 

l$j J-^3 j olk-^l lJI J>\ JLp .!>■ y \ marginal seas JuauM+U jU^JI (0 
^ :> y yyj JL*JJl yyj J^ 1 ‘' J '^lj oUxiA yt^ 3 ci^^! 

aJLs t ajV t^MwolA I y**o ol^x* ^o-l>* jUipI 

. i>«xi t3^=~ yA isu>»iU 

— >- yA oUa»_^Jilj J-^a.-Xj ! ( ^LJl J i\*yA\ ) jLwi (r) 

1$ k.^o (_sAJi ( _pjLJU I yVt j£\ dllij straits jjjjIvaiL aa^Js 


yajl^a — iL| l ^ .,<a kj y£- jl_jxJl o>Xa y ajl ya .,.. ? - *— 

tAJi jjtii L^Jl L*iT Ljj ci')L- ^>-ij I^aLI ajj!-*^!!.? A^JaJl 

^y>j i jS"JlJ! aajLwu (jjl .,<oll J^ta- taj.A>*_»a L>,ig,J.*> J^UxJl d)_^So ^yJl cjUxp^lL) 

J>%d\j >«N I y»*Jlj ^il^dll J'' — Jlj ^jU-Jl JxvU^xll J>x — Jl jU»Jl O.AA 

• <_y*_/*^l £j^J3-lj 

J^b d~>- cj\j-y^-S\ Jili ^ j : Inland seas i-Oi-Uif (r) 

^y (Ji-Cj • olLu>»ll jt jL>«Ji *jj L^Xjj Jl — s^l Nj ol jt-Jl 

y>tjj c^Jkl j>x Jlj If^-aj ‘WjJj jUxj 1jL2j ij— jiS” oNU- 

. Jljf 

: jb»JI &Luu 

Nl ,_^b — oUa-—>cllj jbcJl ol — oJijb 

jj &~ J i_> y* LfiLiJ ^_*wk! SJjJ — P objlij Jjj (,oJJj<_lll olvdjjJlj 

ij^iau J'A>* yA I y^J)J y* IajI — va jfiz> Ic j 1 — 

Lothi- , jij^r <j Jj ^ If-A-Lc* • AjjJ&t 4j jh « t < (l) 

cJK ^J^l Jl -Ubjai J o*rk iS^'j 1AV0 ^ L«-^J iS-Ul an Green 

4^1 j JXC Lu^Aj ba j-A 0>-L™>aXa l." d-O^J ^a-J <djba a!L>- ^y 

4>dsuJ.I «L_j1jJ^- oUaj>allj jb-c-Jl C J La— <idl ^j3 Aj*Xplij ^y 

^a j^S Jb- y>\ Ji-dj Jb 0|j ^v»jJl Uj»j tijjLJl -GliU-j 4-*Lj>\ dJjUJl 
i_Jl—/ ( ) lf»t Nl aJ (jA*Jl 

oLiUj If! jMl OjjJJl oM di-US ^^jVl (3^! <Ujii-l 

. JSJlJl IjlA L5 U 

pU- U ^lk.^1 <d^UJ (^1 jll IJI* Vio C. Lapworth ijfjy (u) 

5^-j oJL5 IfolA, Oi -u_s uij-^- J 

J5ji y> Ifjj-ii l-f , ^ :, “ lJI tS^ ^ 

oUau>J.I CUlAdaalfJ j-ib J_<w>djj I — LaJXP 6 yti\ Lai^a jtJaXva jS- 
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1 j (• | 

cjIjLaII L_wi 

Cs^tJ tojjLJl t- lyA/l 
W . a — *j 0^ 

(jjjl — Jl ^)1 Ls^_p l t 

sA_dl 

y«j £-4d <~y jNl 


>i jJai y 1 VV 0 /\ 



j>Ip dji^a Y y C^c-J^aj yJI UUjuj ojli ihS - 


lo-S 4 j LkU 

y> t\^AO ) 

,( VO 


)l 4 JbjJ*yti 44 j-lij (_*-) 

Conti- ^jLLH 
:nental Drift 


1 yliNl jJUJI JOu 

(rr )JSJh A. Wegener JbyJI 

c Lp jOSS y Jjt 

• OjJii ii Jip ^yS tj ajjUJI J^SUJ i— 45-J JUto-l y 

^ u^' Jiw jLS" yUl 6t ojij ^ y»j ^ 

o~Z j*> ol^j Pangae ^UiL XjU l^JL* j^LUi iSL-Uju 


(*■**'. Laurasia L^ljjJ ^U-J^ ^wwi 


<Jl LfUaij" cSyt 


oUj pj _ L^Co iJU_^J| LilJsML *ly^| Ja^ j iGondwana Ul jay 

L g '.y Vt— -*i DAr-^ Jt>L^j Jj^l yjj| y>-|ji ai4 (jy.jdl y 






v — 0L5j iS^p-iuJo \ — ^ <dx5* JS oIjjj <. ol — pXya,..:;JJ 

>A3 jj ( Y A ^ i ^p*«j ^ JU «Jl jj^tj l w j l_fc | 

*U» la a J 1 a^LdJl pl^iXvoL-j t n^t i.. .* l a aJ | ^Jl^*iJ! .ii 

|V-^I {j^J t *Usob jj-« lft> N l — <v«i l)lj*XX>- A^jlJ ^3 C^JL 

^ i *L$ I dOjJ%ll *bjj 1 I J-£> j Jj>- ^ip 

j j^^ojJ l (J^ 4 6 ^ ^ *Sl J ^ ^ ^ ^ ^ Olil 1 J5 "La v-#U!»*S'l £A kjjj! i X-AJJ I I _yX>- 

bjjji ojL5 Ja^jj j+-> tJ IS" *lj2 — ^Nl Jk>- c)t <-ib!i t, lijjjl SjU ^ iJLiJlj 

'v . AvsJ Alkali ojIa!| i . " V.3 1 ^ > ^^T‘ J 

A. aj ^jJl ‘L+aAj L-Jl j*Jaj< « tJb Jii ^yij — Jbli v_i>-^Jl L«1 

I5vj^>ij cuk»-j cu»jJl 4Ulj.ii>- l yp <Lo^_nJl s_^jsU 

^pxj a^j>x — ^ t. .,* .si.)^bl t Ls-ljjJ c3^" ^*j^**-*b*l A«Jl-»-wJl 

<bLl«xJl Jbb>- ,y» i_j ^*J l ^ <~A>-_jJl luLft (_}vXvs ^Lp itat i t t_jj*Jl 

f ^ Jaaa t J,.k ^J j>*I^^vJ|j AaA^amJ! ^Jj>"I^wJ| 

^lillj JjNl ^1 £*ry ^1 \ r s>r^y ) y^ 7 \ S JJ^^ 

^yLo JJ** — A — _JJ l ^*j s> ~ <* — js^»- — ; J|“1 objjiCxil ijlij SSj 

• ^>1 c y J 5 

^iaiJNtaAJ^f 0lL u 4 ^jpaJl AiirfUa^f 0 LjUULi 

CJ15 j ; J *j C^j j& Jj ol — J.I ( ji^j j>J <U_k*?»il ( j^>l^>-'S/! CaJ j5v-> kiJiP 

Lj J^ku l jfiJ'^\ tlJj — «1 ^jlll C ^>t *Jl jj-o i tf.t, S <kl >xj> ( j^jV I 


lAwJ 


jUnNl oljjj i_fljlSCj otJU l _y5j'S/l Cj^jJ UJlXC- <u| 




ai 


tg^> J~$ P j^“ l) tS" i dkltk 0 .XA 0^ [ ^ 1 ^ **■ | 

^jlll C^Jbj- AjIJ « 4 jj^x^p ^y> ( J^>«j Lc oljl ill ^y> jSpruo 

,tJl>- Cjlkuj>Jil oLv« 

I bjj*yo]\ lXa 3 jlpxJl oU-C oLj^~I ot-JsvJ 

cUsJlS*j L^xSvJl <Uv»£j y^\j oLjL- yJl j ^^xxJl 

CjIJjj — HjI l) 1 »-buj c jJ> pLJj^I jj — -o U <lL>- y* Jix 


Igj j JJjjiSUl Oil* Oi j£_ J jUxJl £tk~/ Jj_v3jJ| ^ J' £_w1 

OjjjSj! -L— S’! ^yiij ^1— vaX®l JtA>- ^ If®— ■>- 4 4“ i ^ i^l CU>i^1 

XaX-J oils’ I^jXSOj IfjlijSC® j^® jj—t l£ __/>•? ®l— it ^flu otdj_$ vji-l 

, l^ilJp o>l*xJl ^y 

^Jj A—IA-I SJ->-J ol—J~l l^®*^ Oi *-JJ JJ^ l-^ti-lj 

^XiL-i'Vl j^lai ?Ji o J l jjlSxJl j ^j^jilxJlj jt^jifU Ajtix>«Jj ®Ua-~pV| oli CjI>I_J;J“1 

(J„bj ( * ~ 1 1 j I oil ^ria— *— *lj — "fA i — ® 0 1 — "t" I (J^V I ■-**" 4 0 l— I J 

^vndl j_?xi Ax® Ail ( O OjJ-® ^ ‘ ' Jj £-?r S ) 0 >J — (_jr^t I 
.-■ilc-j ^ -> ^Ll OyftaS jJSl— > j^laXj Ol-bj c Aj^>cj otjj oL— A“ l ijt 

j+4-k. Jl 'J Nl sLJ-i j j*# Jjt oljlSJl jj j*Jj l ajjI — 2j^U| olilj-A-l is* ‘V''A^ 1 

^xtl 4 jjL 5 s^AJl c a>-1j^tl ^ y o^lS*^ ( ax*® o jp — *-l® V ^ , Ax® ) iJO^jA**® Jl 

^Jl jUnJl ye oliLx !l dJJS Jj<j oAiUI j»j a*sI ® y oils' .xiL_i ®IUj LfA*/? ^Jaiu 

olx_*j cJ jSo ( j-ujLJ| Js- j ->*. Jl oL_ ® l)L*Js> ^*sl ol yi lW — >~j iol jloJi 

LajI yS^> Ij oAa jjJaJ £®j ilup a*JI yyj aJU SLA- l>- jw> OulS" A*JUtX>l 

( Jj>-jI J[ lf.i l *u i—iilpj oJjiA jl A*i| j_*A-I AjjpxJl oL-J-I ^J jjiaj wiJ>* 

^ olJ"l CJjjh-5 jt-j tAjjJ Cj\j\jA>- (jttxJli cJ yj£ J olij If*- — A iL>-j 

iSjr^J 4 ® J.;./3A>lli ) CjL-juUJIj jjJaJl O j4&J CjIjI aJl J CjUa->JLl 

.( rr ^ c \w tuj-^ 

OUXb^lj jLhJJ <UJj)fIf| jQ will 

O^jSlSl ^jA^Al ( j*J (Jjlo® j—*£- J JS M ^tlsu® ®tilj jj-olJl 

' J j^yll*— Jl A^vv® J*yi 

® '' ( jP Aa^ - “^-*J ij — -j *Al Ol Ji>-t)li jyJL'Jl A_Jaj^>- {jA 
o^SUlj Ja->sj oJXf- f-li! tl) 'i? Ja»~ j Ij ^X>- A^-ji 'l • l»0 

cf* l5j^ Aj^Aj (ji AX® Jx*j tj5Aj ,j-*ilj jif j Oji Ovij"yi 

Air^b LAljX^itj 1—AJjiJ J-j (_5JO-^)l Ja->J.lj ^lj_^ J-i-J • ,_jX>- JLX-oIl (_5ilfll 

tti^ijl 'Jl Ijjj-il J lijjjt ,y Js'j u-i yjl ^^xSCiyVl < _ s iaxJLk> V I 


wr 


4_La~I.AXa £jitj 4 /t /Cl ,/ oljLSjl />-I.AXj oUa*>»il till 

/alia ^ I Jopxil 4_Jbj jA 'JLa ^/...S - (J^I*a ^ £ ' (^.sL^Jl la . >11 4^l_-A**a ^-Lo j 

£V , o ia^p^llj o j^a vn ^a ji— St o ^-1® A£ j 0 4^-L^jt 

, j _j/a 

La ;_$! t y> ji—j> jl* S' 0 jJu T~\ \ olW>»i!j jL>oJl C-a-L^a ^aJLjj liUJuj 

(jvj^La 0 1 • £_Lj (_jJlj 4/>j*b/l S /Jl £«JxwJ 4 JLCJl <L>-Ld.l ^jA /. V • , A cjilju 

G^j^vil 4^- L**a ^jA /. Y ^ , Y 4a^*iaJ 0 ^a-L® 1 £ ^\ ^j-.ll *ll IqwvJ (. £U jA J^A 

. w/Jl 

iJI — a_JLJl 5 /J I c_isAj / 1 — jXp iujiJLl 5 /(Jl ( ivaJ / elll 4 ^uti ^jj 

/Ho Luj t 4i>-L~a 4_L« — >• ^•yi /. V 0 ( j' fl j-5t jl>*Jl /Jwj i— a.s^’Jl j/j 

£ 0 , y* i/ 15 " ij^i Jjvi><- Ll cjUaJl A_>uj i /. "W {ja jjil /LhJI i AyaXll / 

^*o La pLiii Lo»*.o C oil ^P ^^olll 4 aA I. la - 1 1 Lawwa Vo ^ 

. /At <L^jj I_^>- 1 o j £ • /> jp. /*>, 

£~~vOJ /III 4 AjL>j SjYALII oLkjpnll /L P ^^ll-l Iu>«il oLa CUPJj La IS|j 
t • *\ 4>-L»J| ( /ajJj5>'S!l 4Jb ^ pS (ll) j/a t A • ) iajpm ! /LJlS” L^Ip-Lwa 

, U jjl« V 0 <i>-L*JJ (_JJj/l Ja*>ll / ^ 

U _/ t £V J /> Ja>- ijl oLiajpJ.1 4^jJlj Lot 

ti Y • J /> Ja>- oij ‘c5-^fllj ojUxpI ,J^AJ 

/voLi J>- Ljjjp “W Jjl> Ja>- ulj i/klio'SlIj ( ^j_Ja*>*il 1 >L*oL» |Ji>- 

, l^ol/lj ( /aH>'Vl jjJa-pnll ^JO 

\ /j UwJ LftjL>ij| y^iJl oLla^ox^JJ 4-aLJl ^^oiLval-l ^jC- Lot 

oUa-jJ,! j£\ dilJu Jbu j^i c £jj* j** // 0 1 A • 4X>-L~a jL^JI JbuuJll 
£-L*JJ C)JUa^>»^^IJ 4l^J| 4>-LvIl ^jA /. 0 \ J>*-> jJHj cL^-w>- LiLaJC- LA^iStj 4^-U^a 
4j^>xJl ubiLs-'Vlj Jj! /L-l J^pl 4j Jj l_|— )U V H i 4AoJi Ja^a _^la 

i_s® j— a^ll j-*t i/-* 1 tj* O j—^ 1 uf* Auj^rl ij^l _jiSll i— J jg.la!? |_j*ll 



j — jLS \ £ , A • ' JUjJI la. ,-jxll J jiXoj i L^jLiJ 

J~« OjJx Wi *unL_o> , U*5’ jr* jL— S' 1 ~V , • • • Jap" <J^1 p ^JLp 

— iybllj <dp-lj — -a ‘j» — »X_j i<d>-b LglS" oljl ill i s j ,"...„ a 0! “CSvhjj 

. ring of fire ^jyil LjUl iaU-l JljJjJl j _^J1 JpUJLj 

o.}jA>xji 1_^Xp-L~« jl j—S i jjJ^- oil I Y • (Jl y>- (jj.il jjl Japxllj 

4^-boL^Jl jLpxJI l ijljLJl jj>- Jju Or 0 iojAll k-ijUJl jjJj *li£u*»lj 

\ — *** jkrJl jj — 0 iJs -Jp-jj vk^— a- ^yfjpJl AwjUxj J*"* j i5^L$Jl Jxw>»ILj SJa-j jil 
^ipxj .ibvj ^ V I — ij (jLUl Lil-w*xp"l j— >0 Jjl<> I 

jJ-vxHj ^X*p £jrjp>- jAj lJ jjA Jib ^Jj>- ^kil^b jUmJI olIa y y ^*iJl Jp-LJl 
. l _ s Sv«»53.lj ^jSvj jaS I ( j J jLJ|j ^LiwJl LjjyJt? 

‘‘ji.y^~ o?j 

Ja-pJ.1 y liLkP Jil jAj Y^*b jjjp t * Y "Up-Iwi iJlJ : ^boXbVf 'tn > Ji| 

urf.)^Jl l --k~*5J,l J"- 0 < tl>c_vaJl jl — >cJl y> isjA>tX ‘dbaj'il (_£.il^Jl 

i_$Jl JlwJl jj a olla-Pxll JjJat J — *jj jblol YT \ • 4A(kJP Ja^ojl-pi £_Ljj l»-A j^J 
5>*j 3 ■ iib~i j^<u <uli IJa> ( _^ , j iyAL4'yi y.!* y ^jZaa «u 'J yj-l 

• l . ,*../ 3j t ^xJ I jL^j Vi oLvA JxsPxJl IfcXA j — <wj ^ 

i {ja Xz£ (__j^Ji iJa)JJp'J| aiU-l i j>-j ‘IaU j*AJ L» a~a! j 

ojj ti-iljpJj 4-^AlA J*— <1 I— ljii-1 ^ S (J jS~ JSli ^ (_J jJ-i 

j' JjjLSilj Jit «u AijUJl Ju^L>.Vlj ^yilj-p-Vl CJl? 

J&j o £* m\j (ijill ji\j 

Xl^xSyj^tj JUjJI xixij-j>-j Ullaj_^ jjp- Ji_j, ^Ul ja iu J _i)l jjjLl 

■ ^Ji^j jjrrj 

^ J - ** ‘Jj— ) 4p-1 — oILj.pJ.1 j ».^ | ; j a ) j t f u . 

3>Jl ^ o ^-5^1 f-jsLl 01 JU-JLlt ^>0 bloi_«! l^JUtj 

cjjli OjYAj ai^_p-j Vr^ i_r^y^! olk^pjil Jb't yt j t urijX 4-1 

Ja^ ^ Vj-^ 1 i>* L-^T ikS" ik -| jj JU_AJ| jJo^ ^ 


oUa->ti! ^ — a J — * A)aaa>ljj l)j^~ Y*0 ^ys jP 

. I JL» V A t • tJ'*-* 1 ' -ba- 41 j-a? cS^L^l isu>«ll A*j btojp 

yi » Jba . Im 4i—v«JL*i l^La Jiol>-l j ■CvLj>- “LpIaj 

J*-* u^j^j ^Jjj-Z lS^' o^y~ ^v^-" cxj 

^jj ^*Jl y>T^\j JlxlJl Jia jl >*j Ja~>dl JXCj t dla j-^ail 

i AjjJlll jj _ >• jjia A *}L>~ >! jJ—jM Aj j_i5\j J l — p-"yi — Jlj il)L«t — P £r-kl>-j 

jJLZ pJLo o jij^J ^jlj 3 ? A— >-L«J,l o ->j ~ Jpl ilyj ‘ 6 j~j j j i_iiilS’'S/lj 

. ( ^ ^ Y . i-j iSjr^ 3 > ^ ^ jj* 1 J 

^JLsJI i jJt >ulir| _ LaU 


£rl 3-VJ A >"1 *U-0 Ai ftjj- /, \ • ^_>« J J -va U" I CU^jJl J_y* 

. ’/. YV ( ) ^I^JI ^yj-^Jj-sLl Lr®^' cf* J-*j 

^j^UlLa 1 Aa^- a-^- 1 ^J*al^*Jl J- £ 1 ^a J-klshl J**JJ 

. (^jlJLLI t^jLajNlj cx>*uJl JlSv^l ^ JjJjJI jt^Jj LJUJl 

LUj glaciers ^jlU- 1 iojNlj ice caps ajJlU-I oWLkiJl c^J j 

t _j^> - SJCa: aJI LSoja! ( J a jc; cJl5 ice sheets ^.JlU- oUlUc- jl oLJi yJ 

Lilli .Lua j ^>- IjjjjI SjU L<ajl ( _ # 1 x*j | --oLj ?j ^ jjIajIj 

( _j^> j~*j l _ s J J AjJL-JlI- 1 oLllaiJ! ftXto - jjj c Lj^ajj {y> *}-J?\j I-CJjjj 

CjL>- 1 I~ll l A y\ CJi-bljj ftJj-Li SijjJ A Xv* il) Jji-a Jtla l_JWl 

polar LJaiJ! ^JU^l V^Jill oUjjScJI viJU-*a dJLiJtS* l^jJuJL ftUxill 

*-tx — «1 aJi?- ajw<1jJ| ^liJl iJ — >• “tjj 4 regions 

. US* SajCoi,! (JUsL-1 { jJuuj A^aiicil ^laa 


y A>-L«l.l ftJL* S ^^ll twA*^u 0 A y k-J La ^***^tJ^ kT* kA^ 1 ^ (*&) 

5 ^531 ' — oU-L-a l5 Lpj t Jljjl Jl — (_!*>• IAXj? L ; ^ ^ J aJLavLjl Likj^l 

' {j* ^ xf* J u ^ L i-3 jlijl ) 



JLii-U oLLuto LJUJl yij ydl l- CUilS^ ,_^Jl SjXill ,_jlp C* - ^^ -Jj 
ol^llajJl i£ ja* jj-Xj jlJsL! tw^jSii tice age ^U-LM 

j^C Lo ? t i_)Lo-Ji ^ j ( lSC>_X!?jlxjl ) 4 -jjXJ-I 4. .lai al l 5 jliJl ^ SjJ-di-l 

lijjjj’i/l i «J JL_>-j jjJkjVlj LNUjJl JL>- olj.i->eJL« ^e- JjAjli-1 4o_j'ill 

ULc 5jJuJLi-l JlSLi^/l oJLa j <JL..»»i»ll J ulC^Sj cJL>-j 

. 4Jw^^y~~JLil cjIjXjiJI OlS^ L* 

5^.1 jJb pigj (^JLlI Glaciology ^JLp Jb*. d>! jSUJt; yJb-j 

hail ijJlj 4_*ii ^1 ljL>w»_-sJI ^ ice crystals ^oJJU oljyUl 

Aa^acIiaa Jl oLll y» iJL<>>iilll oli-JaJlj AjJLU-I ‘U.ij'lllj ol snow 

-5^“i |^_Lp ^L<*xaI *- 1 ■i»h ydh cxj! U .,... > c»Jl1 

4~*1 ji ^ aJ jaS'JI j»L»JX_aN| 0 1 Nl 4»>- j}jaA-\j 4 oibaJlj 4^_j>- 

. .xblptj 4ia-j ^ll j _y* 


oLil 


^jA 4 ob»J} cJ jSnj ^jJUL| jA/util SjI^J jcja wLJJJ diljji 

laxJbi CXo j £ o J Sj tol J*>t - J U j5v« 4^Ai>xjJkl l j]»bil l^x/uu |_J^1 


4-Loh>-- jl>xJl y>tj jI^jI J5^ ^ ' jLmmJI oLil t 'j* (J^j 

(_$Jl £-_)l_>- <J^yi l . -gJC — *wjl ij^l—S - jJl ^y> 4a_>*^o CjL— ■^. 5 ’ 

out wsh ^j^Ll-l jJl J j , ^ , w j ij jsu 4^jI_j J j — i_ 5 *j tcuL_>JL) CvJ j*j 

, <JU ^1 ^y. j oJLa j jSco j plains 

: l+lc iitDI uil^UoJI^ ijjjLUi 

Jl olj— aUu Jt—ftt jJ— i*Xj i~) Cit.iK. * Jt ul^L-ta mm I 

( ri J 5 ^i ) Jb UJ 

vJL — sLl (3_ji tS-xS^ blj yp ojL»p ja j 1 ^jlLU jJl (1) 

fj^b\^A _ obUl — \jaPaHji d)l~J ^ 1^>*XC« 

y-j l» ) f-Jio tU <-iy>- yJl 4plki Jb^Lj i-wJUtll jlfiNl ji ^jJUail 

^ ^ — Ap j • *_) ( 4 P l fcW Y £ \ 0 • j Y J 0 





add-l a^p neve y& ^ a ... « Id* I . ^-^LCl 

jb$— iVl J jW ^yLxJl yj j__*j j i ^yj> j£- ^Ikij h^H\ tS& ^ _jeJ i^ldl 

c i_j jJ^uixJlj ^u>-lj ) i JVl JL— >tJ •^'jiJ ^ ^ "\ (JjJaj ^AdjLl 

.( m y mr 

tpljJU jJIj ^ SjLp : Hanging valleys LaJUII io/ifl (<~-0 

JaiLwO yS- (^jJbU f£}\ jil ^ydXL CLw->lJ ^yJLpt (_J J-w> jjlP- ^J-JJpl 

. water falls ioL 


oLU-l : 5-* j^Jl |^*Ji]| j fcjudt oliU-4 j Cirques ^oJd-l oLU-l (->•) 

^yLp -LlJpl ^J^p t 4 jU_JJ--! ie^j*Vl y*j*j *-Up A>-jj *vJj! y^ ojh-^ ‘badd-l 

>L>-ljj I jLbXjl C~=*dl ^P i^bJl CjI jJlUaJl y-S I yfi JjOJ l LjivOJU O^lj j 

Jmj tl — jiljJiSwl y khcdel Jj^SOlj <L_Jli,Vb Kar ( JiU 4 ■!>■&* *1 — 


4._jJ^U-l oLdJ-lj ila-j jil CjI j^llaJl y 


*W- 3 * 4 * ) 




l_^JI ( y-JU\J 

. Lg-si*J y Iflvadi 


J5" JSLi Jt ^L“ : Roches rnoutonnes 4**i*JI j! jy*«a}\ (a) 

L^xJljt y j^]\ l ySb.<eq ^ ^jJbM (_g.il jJl ^ ^>t^o Ja^j ‘b_y>cv? 

LoJwo _^J| k_wii 4 >-l jil l^__Jb>- y “ _/l *— i * jjj 

. j|Jl>cJ*yi JJLS ( j*Jut _^Jl £4 LI “Vs-I jll is^JbLl jXj 

ol ja\& yj iojbU oL-sp* j_aj" : Fiords objj-iJ! (-a) 

' flb"l t ^ 3 I^JLpI f tut. ■ - ^jjCdl I ^lUdd~ l llw^^sdl 

: if JujLM uiLui^VI Dl^kUa _ f 

4 jjJJ;-l oUUjJl ) y oUJ ol>-t>liJl J-«-^ 

j 4pU ^ yj (i-uU-l ^Jl ^li y j^il l_ 4 vi*j (glacial morains 
Jt' CjLoIS^ jJl y* — i <dd-l ^jA»dl t _jip- Ja3U*J j—sb'S!! ^j^ajidl j t, <uil>- J jJ a 
Jed ^1 lateral morains IJU-I oU.LS ' Jl ^U- J jb ^ Jtxx 

_^dl jd— * i — C <USl „ ^. ‘J l oblS^^Hj 4 jL^j y> 


oUL-5 '^-1 cjULS^^JI JlvaJl aJU- ^ kiilij c Ja-v.ij'SII ^\S ^JL i_j 

. apIS t _ J ip Ijw j ^xll jV I 

f M ol-A ( l J^ , ^ ,, ^ — *■£ — 1 j. ^ ii Lo l*sl ^ 

A ® j~2— *V» ii'^k) * ^lSC_!l # JlSLi'iM aJ_* H— ^Ij^Jl t a-- ■/•>" <ol pj 

u-° ^A- 1 ’ AA A A ^L- A j-V"j cskers )Mj tL pl _jJl ^Jl^ 
emuic blocks aJUJI J^Jlj c^lll <5^1 ^LJ J> Jlp jix tjr * a J-! J JU J\ 
lu^waJl l^^iUapi- ^ boulders JU^^Uj J£ji ^ j.xj 

ljL^SIIIj 1 A; <_A j_jSU>l <1)1 A^ S*~ b* 1 

A Ujjl>«^ dxx JUaivaJlj JU ^Jl y aJ j$Lt aJA J^Aj ^J> jX3 ^juLi-l 

iitr* AAj Cxi ^ eA' il j£ s!j| y> 

. ( Y ^ ) jl^Vl cj\j£s- Al jia y JSl y I^IpUjjI £-j\jSj 

oL4f :lijQ 

S_ r st — oJl jy^-^a ^ aLll A_*jt>b AA A I <» r ~-Sl jXll JS' C~w_J 

. ( under ground water w> jVl aLll ) AJjdpl aLll jjlvxo jtJklj (.A^/Jj'S/l 

J^-ta Al L^ji f-j-^r i ~ r ‘~ u jri { ^~ > " c5*^-Jlj gAiJlj A®^ ^ 

. aJ j^I aliL meteoric water eUl aJL* <-3 yjj jy^a}\ J'iU- w’jMl 

^Iaj jL aLll t>Xfi> JyZj 1 Ai>-laiil jy^a Jl JJ^+i aJL*jP Jbu AJLxll aLll (ij) 

j ^ ^ 3 "^*” cA^ 0 L 5 * ji^ 3 " ' AAjL-J| Aji^Ll oLllj dali>o Ji tj y~ A>-jj 

^jJaj j — <• CljUaLicJl (_jl>LXiJ ajl — J-l ^jUJl (JUM jjt, L—aJiifl 

*• 2?^” 1 — *jlaJl *Up Ai>« — «Jl (A* ^ fl * J 

^ oL^aJi jwLtptll lap b* j C Aj ^J| 

• ^-*^r Cj* /• ^ 

jAWLa j jlka'yi L«ijdvaj> O^s a| y*> W jMl OoJ^ aLll AA ^ iilp J 
Idp ol5" l)Jj t A-_i j^-\ ol^l^ x — ^ ^ AjjbJl jl ^ jasL^Jl 

L_^a JaJ j> l« A _v?U-J o±yu (jl—apl JX* aPj_^>- _^,l aLJ,l jJLp jlkj 

.J,\S A' JbUicJb 


• 4 i 4* ftLi) yjl AjjmSL *2X 1 

J-d) sjjXj?- ^1 o^- oLd) if ^ 

J[i> 4-4.1 Ixll <__* — -_~J> j xJl j jfr.. yall j oL *.1J — sdJl d^l-dda — U 

j! j * i c5^ W*J***J j>c^ai\ iv«Lw#j 4JaiSf ! j 4- — Jl jillj £jX>o3l 

.pcrviousity *lil 

4^vjJl « porosity 4 ^Lm*jc s ^ s l a^ j 

(*$ 0”° ^*'^£*■*1^ 0^ ^*1 — » -A ^ AamJ ) ^^*-\4lJJ ^ y lfll 

•■ / V* * (jjJjjtA-iij 4JLd~l o«AA 4a_v^ I vwv* 0|f3 A^a**j JLp f-Li.1 l>* jd ' ^ 

^UU us* "/• ^ Cr° J 3 ' i_r^ <_yH _h^ Cr° V^'j 

Oe^ 1 jy-o- j <J ’/• * * I y j-SStj lij-Aiil ^ 

• *t5js4 -' ^ 3 "' cj* */• Y ■ : 0 o^ ^ cj'/*.* 
Sjji ^Li !_$j xa- 2J : permeability ^iUJl Ut 

i}x~* eA* 3 t V°l-“»^ jt cdlfT #Lll y > J 

v-.>-».~i f'toJJ ad> j*p <l— aJ c*i jJl ^ 4^SCJj ( jdaJ'l ot 

,J i>UU i_^Lil JU pumice cilliLl tl$Sd.lc SJLij 

j>J-lj JU^lIj JaJj]| Jjuj i L_^vi*uj ilvaX« 4 aL— « OM dllSj oiUj A>- 

4j.sldl 5 JLp_j 4~«L— ll aJIp J_j5xv5l)l ^jA ^Jl 

LS^' cHj*^ _r^ <y ^ Jj>wal I 4 j ^/ll AiiUJl U^» t» jaS- J 
jjp^ai} AjiliJl jjtxj IajjJj j A*_v»jN I aLil _p- J*$* 

Jjjwj Jh — Jl Jo** ^a J5 ^~Jo J ^ja JjjJ,l Ua i_jL-^»- jSitjj tiaJbiJLl 
«_jUij J : . ^ .dL ) JaiL-J—ll {yt ( _ y >»]a,.Jl 

.( \rv - \n (HAO i^lj 


• ' L *x~‘s •%* tj5L.lij Lt^’jUj isf.jjj ji^oJl obj>- ^ y j JSLi Jla i^Lil JUi«: <*) 


Underground - Water - table ^*41 tW ui&uLU 

C* ^ b-w*-~ oX^ 4 ^*^j*Xj j * 1 - 0 .* i C 1 d*^* ol JJ t 1 JlJ—l jA 

— 9 i_5^l *' J, bx« (j* ** — <U«P i~_ftlx_a-o c^jUa-Xll j»bdl ( J^OJl 

jliwN! oli A__JxJl ^y_i tlilij tAjijVl i_J j—i jl CU^- 4XP JoLxJl cu£ 

iili-l p.Jli'S/l Ldu (. £tia«Jl do£ jlXal 4 >u/kj Jl •UtoJ- J-v^J 0^>- 4jsu*i_jxll 

cOb_^bl “uJli AjijNl tiyabU 0 J 4 dJUjj? 4 jj^«oo ( j/xA?dx 

■ ^a%Jl l a <■»* Ujw cy^i 4012001 <^1x11 ^y5 jJ^ajj 

Oolxll Jjblxll ^ 1 £cb~u Cf "V O" 1 '*'^ IJLa £-bUXi Oi d>A>«J Ji j 

JlsM jA Uli* l «U>wJaJ! d>L,Ad>bJj ^J> d>b«JiXoJ,l jj-^li ^J| b? I^ujUAj 
tijjjXJ iijj jl d>bdtXd_« J^aj 0 Ua>- SjlixdJlj Oj^bJl ^xlj ^ 

01 Xj£ Olli £«j ^ya^ i a ^J l Ob^^M (J jZ^—a Liyij JjJaij *dl jll (JjlalxU 

X 1 ^ I t_ 5 ^i (^axJb-wll ob^j— JO 4iL— s^^lfb c 4 . ...a < 1 d*^ ob*J.I ^Ou 

. AXwJl jluL# (jfb 1 40111 ^rJsu« , 'i/l 

4 0 l«AaX j ^LJT^iad^ 

per- *JAa*xlb oblb <3lbiJl J0b>- fJajj i] J>t£i laJXc- ttbll L Jd* Jjlba 
oUl #Ls£l jjtijj JJ .1 4 >-ji t Js- L^L .1 Ju_x«cj ^Jdlj eolation 

j <. 4jj j — ^jll obJaJl 4iU<a0lb ij^_>»vil I 4jiLil 4 >-j2j (jAjdb 

C->Ija 1| (JOb— >• aSj£ ^jl| ^S^-sM fill ( _ylp — jll -ba u^J l 4>-ji t_ibb-Xs-l 

O^- -ba* — s^dl (jblXa — 1| JObJl J — ivut — pVI JaA^a !l ^blXo ^ Obij 

. 4ji JH I 

I gi ^ ^l«|^P OiXP t < 1 ^* C-43^Xj 4.j3^J — 1 obi! 4P^*«J 4^MjJbj 

t _yll 4ikx« 4_a0lx>-lj ^ . ll dai^xllj 4jiUJl jlJ — b>j oL-_i-l 

4 — >-jjill 4>-ji 1 1 4 U 1 I 5jl j->- 4_j^-ji t_J>0bx_>-lj (_J j-a-1 

. viscosity 


. ®Lii a^wvS" ^ i»lil SIAj Lf l p ^ (♦) 


: gJUf cUi JJ.I.U 

alii 4^— .* J> j*V 1 d*j£ oLil ^A—Xlj LoJAP 

c_^»fcAj>xJ l-* I ^iS* Jl t LliS" 4-^blil obli Ia^^AP *A>-tj 

LLlit oLil <3 j— i LiL^ #■! SxJVl isiaifl Lilli 4 — ^J^Jl jXJj (U-^j 

• <_5^ <_Al 

ol ii->- Jjtl^iJl *ui jJ^-l oLL ^1 p J>L| j *^ll olS' j>~ JSh 


*)CJl3 4Jw« jl dll pL (£j* — w * 4 L o^Ip «ul>-l — «Jl jb^S/l ob* 

Lfc j-^Pj f j £-^bot jjflp ij, 4a1>*LwJ| jb'Vl oL* j*Ja-*u>3 dlljJj 

• c^’ <y 


oLUL 4.b.u^t< Aj*£j$.4$u..J-I &LlL+aJI jaju 


OljJbUa £yA Lfrj -Jslujj U$ 

m!».I) jjljuaiVl u-t.fc JLumjUI j^jiuLii ^jjJG f. ( I ) 

( <U^j«JtJl <Uv»UJ-| SjJj JjlAu <0 *Up ) ^tixwJl Jj ,U! jAJj 

<u>Ju j j*!L* JSwi ^ ^JA^SII ii oLil l«kUpj <LjlJt)l <uv» ^Ul>- 

. 6 jiJl <Lij jt •‘Uij 


:( 4ju-jjJjULf| Ci(i lo i . M ) jj j, u\ K Aj| j¥| CiUjUx (f) 

^aJI — k0 ®hll £~° ^ 0^ 

( ^lA— C- 4j|.i^Jl OkXA ^ P ££**■+) J C l L 1 Ai 1 1 ' JP ^S3 1 P~" ^Jp 

°*^ A (J^ 4 t Lol jjS" ^ o-^ jlS 1 j*— J j| (_A| ‘UaaJ a^Xa-ujIS’ ol ^ aUs I 4 JU 1 

OIjI—Sjjj Ijjjjli — Jt Jit ^J1 — iJl ^ jjJsUil ^ JjJ__jJ| ol ^Alkll 

, La^aP^ 1^*aI>*j 


jji_» -uoAijlSsjl (j^’j'Vl j — $ 1 a.) i;_j>JxvJl oL_ ll pUi—s^I 

oUm^a JO ^ jwL_J j lSjOSGI JJUjJI ^ ^1 sink holes oLwiil 


O^r—iu jlA_>uVl DAliALi 1_-JI J>- oli j__4_J“l 


ol* u* 

. dolinas ^UJjJL 


d jSoj oU|Sj I ji»Ldil ^y dills' ly j-Jd «Lil {j& (T~iJ 

j^JUJl 6j_dS (_^i <L- £ m jlSvli tjj^Svll ^_$lajj ^ ^dUl; d il_yf 

odJ> (J>-b j_^Si*^S <uNj ^ id>j «l« k_i$S jjio 

od* C-\ U&J dpi jvlilj Jjl^Jl jJiU 4d ^jl53l v_jbujNl Cj| J>U» l_j _J^5C!| 

^>■1^ ) o^SsJl ,Jj“b i — iLdJ ^jlll oUl y ^ — o d*j olj_^ijSUl '—^y y y& ddjtli 
. ( \ 0 < l j Y e> t, \ \A 0 <, ^y>\jj i >b.}j i > y~? u* (_£ j *y> . gJ-Avaaxlb 

*Jl) L y*-^i, ld~=-lj b jaP 5j j$La ^ya_xJl — i/JJUJ J-V* fl Lo LlL^-l J 

0 jS^lj jJjU £-vPJ (_J* 1 _S^ £-v2J 1 _ 5 ® J-dJ #d — *pl d >- y dS dildS l(_5j-J^I 

. halictite cdjld-Jlflb 


^t_l vO ^ *L>j l A . — a ^ g3 LS* 1 <s-3 ^ ^. !x J | ^ ^ * *> I 

^Jajj y> i.,ib,<ai y>xj ApUjjI j jJdi Udo ;^dS 1 • • «U/>^Pj ^»Ji i • • • <djX> 

, <ddujlJx]| <bjAlll y* djd*Jl 4_UMdj 


y\ Jp 1 J Aiiul <io yt wJl <L)jJ<Jl ^SLUd-l) — s'Vl O j-P Jjo I — nS 

j Q iflj . A-i ^.....X- 1 ^X>di,l ^y ^ys I ^c-ix^o f y 4__a^*-*j^ISa 1| *ob^l/l Lu^L—aX^-P 

aVa^JI J^O ^L*^> dd ^y *L»a~,i I a.aJ IS 3 1 tj^>-dll^ L— J I-- /X ^ C-X I y*& djd*Jl dildS 

. ^woljjll ijda i i y 



Biosphere 




alJ-l ^ : Lb (^JDl *'J?\ cj* <-3^1 13a JUda 

res- Jl JbbkXll Ua iSL>«JJ tjea^Uil <_$3l 

) ULa Sij tjy .s j*p\zs- <ujl ja. t.L ijb^vaii ob jUx-ll OLIa (.pnation 

5jjUJl j\ iisUl jl 4 .Avail LfJLs- s ( Lj— L kS^ J j-Ui'S! I 

. gaseous 


aJLA-Ij t ^y-jlll cj^AxAl jl j-> — UijjJ — j^Jl ^ j*^JaJLj J — A- y aIjLw — ! l 4 JU-I 
l)U ( 'yj 1 *Jl ^ 4_ijUJl aJU-Ij c (_g^>t^aJl i-it^ — *ll (_$* ‘UiviJl 

tAi-Ui t jSjJl ijLL» 4i^iJl ( 4 a1pM1 j\ ) _^>Ml l _ySxL ^ ^ry. d»y^~\ ui'^Lill 
jj>xj ^ll jAx-Jl 1 by (_£ j£^-v* ^3 j£ j*A V • • • j — >«J ^ U-3.J LIAai 

_j-5li XaX~j (jJllI Jl\ t yuJa]l ^JlSOl bUb^l/l Jju j <.<&£• jZa 1 • ■ ' 

ijd>ev4 ^J! 6j>Ulpl Jxjj <■ (£ j>-Vl pLa-NIi <bjUlb i_At>UJl 1.1 a eLjlijSU ^y> 
^ ji^Jl L^J — gJ ^xJl ‘toL^Jl olp j^A jll ^jA 4-^3 * j^b UlJ-XS'j 4 (S 1 Vi^AxJl 

. L jJbllj iocjJaJl Lil ycM Lc *UliXwtlt 


Js.Lii LJjJj L-L-1 ^ l^j^s Biogcography LjJ~l Li I jAcJJ S^-Jb 1*1 
p3 Cy'J t^jjxJl ILa ^ yj* 4_jlJI J»*l jxJlj Lvjj 1 — .jISL f-L>-Nl £ljy 
4iJl> ^^xll i_5 ^>^1 pJbJl l jA iJs- 0 *Lji_-X*vj il)1 SjjA^-l Liljx3-l ij Ip O^i 
La- jJ j Palaeontology oL^U-l ^ j £bll j L^_JaJlj L>- jJ JL> 

,( L>- ) 4jjj 3- I 4jLJ! 

ijA^Jajl 1 „ „ g)l>LA»uj ( j^>j'!l/l £'3 j -»-» “b-J-l jjv 3 cl)1 jS'JUL jj-L:L|j 
CAULS' I j*as- Laj^oa- 1 — av ij o-Li*^> ^1 _plj Jl^Lil ^ ^ Lv- xj AjjL»-^J|j 

j^ljjl i-tp Lj US’ !“••,••• j->*j oL^kaJl j ^1 j . /i . i ~\ ojH eili 

<■ £\y U V • • , • • • y^j IftjvaA- f-Us-Nl f-l — Jp ^Uaje-ul j^xJl <uix>J,l oLl 
dj£cj yL-oi-l j| L 7 _xSL)I N LLl-vJl jIApNi oJp bib L_Jlp 

^U — s=-*S/l y 4_AL>t_j> ^Ijil { j>- ilL* cJljLxj >-3NT ;y> Ujjjj 

• -txj c3jXJ A^tl jA-Lij 4**jL«Jl 



-— 4 -1 (Jl^iNl *Aa ^y* £y J^Tj 

£/ i>* *♦**?«>- -o Sxl»«_ji A>-1 — . Jiul, £j, J£ 0| <£«->- ^jSfl 

(jr^ <Aoua ^ J-'- i^ ’ *AJ ijliU SjiLj i £-jyVl eJL* ^yajuj t j>A 

. Uj^aI 0150. J5 £jUi J50lj J>-y y^l c ,:-uJtj <■ ji5^/l 

4aIx>«j« OjiL-IjJ ( ji 0? Ai£*j <Jlu9- Ijlidl j *5i 0L» o^/i Jbu j 

. *-iliM oJjdJi <_ji»Ul,lj oJU->*lll ^jlaUIl (.UiXA^li 

ijyJl IaAj <• * — j« fe . ' U ,ji I j — ^>- tJJ 5C3 j 

ol jL^J Ol i— «>«J - ( *Jyj-A-i Lilyc»«13 oUJlj 

o y.jr » * eL^H 3 *^ < - * aijJl j _v’Lx*J| oljjjJ A_*j_ r _~. 

<>* p** 1 jMr^l ^ ( ^y^SSflj _ j 

. <Lil jii-i jlajJl a$>- 

•( O i ' ^ l #U<j ^jSJt Cttjji ) »« ♦ 

u* d 1 —' V- > -A> Jl50it iitAi ^i Oyj53l :Ojp53l (t) 

L^jUJl t_i"]>0t]| Uy>fc« <JU“I *Xqj J_>-yi 0Xj>* (. OjJ_^5s]| Ju~Sl ^yliS AijUJl 

Ao!^ aIwjJ^*S/ 1 AlxOy ^y ^ — n^ 3 . I I J~*_jl aA*„P f ^ ^ -Aj> r -.- O ^ c, olL y Jkl o 1 y tf 

AiUaJli \j*oix»N L^wjj IjwLsx* Axjj cjIjLxJI £lyt ^J5 viAJJL5 <jy>«jj iajJJcJ! 

■ oUayJ.1 A-«—* (j- 3 4—> yi->*A ol—i^jj5 ^J50i* JL>-y viJlijLS" j 

.( To JO ) 

AjUaJl Oy^jtAJl ,y* oUa-j— >«il 0y_^3l JUwSl j^llj OvwJ 

u A® l cy>*^3' Jr-^l ^4^ u* (j^lva -r ^l ^jIp SjJiJl l^J ,j3lj 

AAjiJJl ojj* OjX Uj^pj t aj AyiJl Jx>*ll oU — * t y* Oyj^Jt Ju-«Sl 

ult 0_j—^5v» tAJl a«*^i — pVI ,_ji %j° y * 'a 

^*-^j ^35 a^Lo-xJI oSa l ~* A ) ^jA ^jA ^ubJl 0^*^" 

AjLvjJ l>-li« pill ljAJI Oy_^53l vLw»5l (_y^ <j^ 

t ^**^4 ^ 0* olpj t la^i‘W.1.1 Jjj Ajji Ijl^Aj ( (J J , ". fl , !! 



(r t JUO 


Jx>>d.! ^li JjLj J3k>- {y> j Jxpdlj ^^IJl t 

. ^\y^i\ f’bil <L/>l>-j (5jlAJl iwj'!>UJlj 


i_j® Cjt* J*? ^ |_yjlj ^y> (_£jL*Jl (_y5| i_ilvij U “L«»j 

Y ^ ' t _yS< J U.I (L) jilt jP-I jt (_g jl iJi ^ A^wiJl — £ Aij (. A^n J5 - 

0 Y , V • 1 tO ^lil 

C AjjJ-PxlJ ij — S^Jl l j-0 <U>J>W5 CjLaS" (jlj-JiP-lj »Ajlj£ll ^Jpbuyajl 

Ju_^5l jit SjLij Sjl j_j i-l <l>-j.i « jAlia £-1^—11 frLJlP 









4j*JLJ| 4 — 1 ol i Ls / 7 - 4 - 1 y* jjkAjuJij fiUll y~~ ^ as3 ( l j ) 

L^jI JiXo-Jo 1 — gjl gi a .*x — aJ'**! <J15w»*S/ *u — 

(. jilll yo SiliS* Jil uUU-lj t d) j^Jl wUp j^S* 1 ly>~ 

UP ^ tlw -^ <3 4— ^jlil ^lj-— ^>-^1 o j m .i 5 * 4,^. »Jfrl oi^> *U.„^/3 Ljj- 1 oJ_jtoj c p V i, 1 ^cJa^j 

Lw^wl^) j*-5*l^o L$ tjl — P j-^ 4 j^ 3 — rtJl J^P jJji-l (^1 , (JJ ui^\J«-Jl 

. £tisU*Jl oU£L> 

C CL^Uay>%ll jj ^SjUJl <uJlp o^LASsj o jlyM lP^ 0^ JlS* 

iviluijJl C-PH ^ ^jAjj (, vA^>- 4 j|Sj J*olp ppl <Ji 

■^J^ 1 LS^l LS^ J^>- 

; W^ C ' JJ^r^ Jij 3 0^ o ^ L 5 ^' iljil ®4 a uj-b ( _ 5 xil to y: 

I 

j jkXv^Jl j)l 4wjlil ojjklll *-XAd oLtll J) 

.( T l JSLi ) t_->lsS^Jl IAa ijP Jj^il J-saaII ^j> IgJj j~£l -lij 4*L*jJi 



(ro J£4) 



— xJ j c ^ j+a} \ j*~~i * ij*^ J ***^^^ ® JJ^ (— ^") 

^J| i) jLi^SCJl c*^1pI £** ^|plio <u*V ^ tiDij lAdJbcj 

, f-lil j 0 oljjJb aX»Ljj| 

jj> — *Jl L-i*X*Ji ^ o^^cdi ^Lp — aJ! oJjp — ^*5"VLi U j^s - j 

l-o -^- ,a jj c aJ *u j^_Jxll cl>IjL*J! aX^?»- / t Y \ ^>«j Cji?**^** 

AjI ^*0*31 u£j£ t A^vjJl o J.A JjL) Ol A.^Xv*! jlil f ^A ^Jov^ ^^IjP ^0>- 

XlU- ^ 'if! ^TjX-l jJ-l ^J[ t^jl*-!! O^UJl ^J> ^JA>X^S J S/I X~~J JjL> OJ ^ 

. ^JaJL ja\ IX&j { j^j>x^ r a}\ L_itA-^iL Oj>- jil 0 jjjSvIl oIj j5va JS (3 j*~ 

: Ecosystems i* pj*xtt (r) 

s 

_jl Species ^ly^l y« i — *Sy> 2J “Uw^JaJl <C Jl till *— : y« 

j->-\ (_J~^; Iilp-'i/li £* A-IpUjJ. 1 eL-w^Nl y_« ob_j_tJ> 1 wt 

1^ 9 , »j ^ iul jj J^ISJ y |J V J “ isolation <1 jp y JijJ 'i 

. association 

olj-J-lj 4 __jLJ| f.L_^ k il| y« ts-j~*s»\ y-L-i jt-JaXJ y-_Jl j*LJij! 0J 

t_Jt>«j ,_ya*Jl 14 -A*j ^ JpUj yd! iiliaJlj lyy^l jl^llj ii_JjJl f-Ls-Nij 
4j ^ i_s* (_rxy° csAJl yJ! •Sj'-t>- J^Lsi- j—» iJa—p^lt l^xiLj £_* L^L&UJ 

.( rv j£jt ) 

d J ±*-j> ol an ecosystem ( y* jJj&J ) yL^ f Uij ySUjj 

Lijj L.UiJ ojL^>l yS^j JS^ jjUJli 1 5 j^-^> jl 3 ^ cJl£ 1*4* lj~ L*^ «a >- j 

cJ^Jl ^ J c^-yj (Knapp. B. etal, 1989, P 216) 

^SJ ^ .( yr^J ) Utj ULk: <9-UJ.| 

• oU^Ml jl nutrients AiiJlj aUJl JUxil Jt>U y, ^1 

:*>• jftLtkUl o^tL ;, 

. ( ^kll i^Uj ijyJl ) iJ_| jj Ip _ | 


■^ j^j “Syj ^Lj-I (^i) 


(rsf u) 





. *1 1 CjIjLJI _ 


V 


(herbivores iwJUil Si5l ) oUll ^ l y L« yll olJl jJ-l _ _>■ 

. (carnivores ^ yJJl 5Jl5t ) y L> jJ> y <jlk2 yJl j| 


yJlj U jJ-j yjVl iijij LyS(Jl J^ 0 decomposers ilialt *U~^I _ * 

) yJjdl CjLLvJ> J^A>- y 4 jU — o oL^ y «ud,| ^^udS/l J j£ 

o A .3 ( ibis yL»>4 ^ylj aaJlAJI s-Lj^-'S/ i y 1 i**— jMl 

. ( oUjjMIj y>L>-Ml yx*j y JLjjJl dj&L j ) humification JLjjdl 0 j& 

-dJl ^Ajw.^/ 1 y isUaJl j^Lp _ US’ „ yjl j»llaJl J^ryj 

4XJ3 ^y ‘Cdp P-ldxJl 1 — al t ojl y- ^y *U,fl ^ j >tj 

(_5® lA>- ‘CXJl jviidl 0^—9 <-idJj5 £AJ L y^b yP JUUJ fdJL*Jl IJLfc y« 

*“ J b J ^ ddjJl Ojji (bLpj ll)} dy»- l <>-Ljdl ‘L5jj_*Jl iljil) Jgla....>>«Nl 

. yUJl j>Uidl _)!yi£w<lj 

(_M o* oL-XPjap * — 0 Jj>-jj 1 ; tl ^ol ti 1 H A»_i!y» 

. j»UiJl oli j5b» 

: Environmental controls X-tJl iul yil! (1) 

- I Jio ) l^J <ulJ| t^ij jJa IjJ y> 'j\|| £ck^ lj 1p £l yMl J5 
J" 4 l 5* dt <j£*j «LSL_>-Sll ^lySllj .( dlli yj C ajIyM - <Uj1p j-ll 
tjs? - '"' LJ^ 14 4 --jdjdl jf" J— dl lg— *1 p ,j5d J t-jjjlaJl oJlA 

^ l^Sdj ^LlJl jt i jJl ^vx« ^ ds JjjIwU. 1 J^Ud.1 i yi*j Jliil 

LS^ '- A; 'J : r-J 7-^“ (_sr> 

• ls 4 “J^d-4 j! dlj^xt <rAkx» JJU 5i 


: Competitive controls a^UiI! Jjlj) yidl (._j) 

dljJ-l jl oUll y Uj >-\j y AjJLJI ^. ia . ‘J l 0 jS(xj ^ 

i>-ld,l f.|jjJSj Silkil y Oj_JlC aLjKJI SilAivuMl -uSUj M jl>.( jJ| ^yj| dj 
■ cs^ -uiju yJl oil _jSs» dM dilij yJI j»Uic,Jl 


. MijJlj iillaJl Jo>-t {y (j^Uxl! l J\j> £jjjNl - 

: pUaJLit £*iUI$ J X,Adt 

oloLill Jjljjl J£*ij l$— ■ *J sCj J Jl ^UaJl ^ £ljjNl jy^i 

^ja uJJi^u -U^i diversity ^yxll Ul tUsOnj Ujji^ ^L^-j tUy*/* Jaij 
species dLUi ^ JtaU c 5 jX^ ^1 _ r -«i c y>A LS t_o j>UaJ 

Knapp.) '&> obUJl olio y Igio ^^—Sl X>- jJj JLio X>y^ J^s- Sj^IaJI 

. (B,etal, 1989, P 22 

^■■•AAihiiiiK OLUI) A*yJ\ mm Y 


d. d .?■ .11 p.. W . A iU -0^,1 1 ^ds3i o_jl*^_j | J 4j^vJl 

glJjZj IAjjJu *Uj-— 3-1 LjljJi — =>11 J^>*il L*^-o3 — *J £Oi O^liooj 

.( fv JSwJl x^-lj ) l Lola J LolSot ^Lp-Nl 

“‘Soil *j>LM :V$J 


cu4— xdii inorganic *u » /? , & v-* iy* *^^—31 

(. olj'lcJl J“l*~ ^y> ci-SxJil organic <u ^as> ^\y> l y e j io>*iJlj oLIap 

<_jH l ‘^r~ J cs^ oLjJJ C-Sj'-^T'I olS AjyJl -t**-*j 

(JjXpntJJ c Aj^fr**U L^-clp (J J ) y 3 .,..-^- 1 OIaJJ /ySv^J oUll Aj^Jl L)t lw-oLs>- 

JSLJ- ^ dUi j mineral nutrients ajLJI £l AjJLidi UnjI 

. J JSw ^yj clay humus y> ufh^ 


2j^*xril J-«jj t regolith (Sj^* — v 3 -^ I ^Uaill ajj--2JI 

Jju oUJl AjwLnri a^Ia ^jrit jj ^ ^y oli ajjI^SCJI 


<u^a! ji c { j^l>cJlj 


J^a 5\J| ^dJl J ^^AAA»-sa 1.1 

. isj^Lj-JLl LJo^-p t y 


Ji>»d ol *"tAJ A-aLa Ajj-v^*^ A— -sjldX 1 Jii ^4 1 ^4 AjtttiLwJl ^Jll JjVl '-tAJJ 

""*^ m ^ "*^*1 "' J ^*^|* iW** X4 ^ ^ J^O ^ AILkJHaII LJ lj l L^AA!>“ 

• orrjj^j 


, oLjUxIi I^j jh* soluin AaXJ^^ *wii^Jl ^y* ci*4Xdil 


I 


-* ^ y'y Jr>\ :*i4>ifl jfJaJ 0) 

ijsyis Oir^j 

lj* J& l 5 ^' J-*' j-*-" Ut ' x -^ a hj ■ Active - Factors ikiJ J*l jp (t) 

. *bj!iJb j!il,\ pL>-VI j bll y^j *0 jxb a^SCjISsJlI “U^pxx]I oLXoj- 

ji U>*AX*J £cZ> hi 1,. .._j I y 4j^SjJl Cf* ^bil 

ypj ^{j^i K ~? i j — '■'’■'d ,_y2jbjJl pill ^xj — y*y — il Atib jbil cJ'-tx^ 

A; — */a>d.i aljil 1 $ — aL>L>* l _jl-C'l ^jij aL-J.1 JLn^aj jkll ^S- j-»>*xx)! (jj-jfi AJb- 

. ^tkJl cj y j*5l jXxJ a11>*x1!j 

•b^* 4 — t'^Kp cjli LgJ^i <bj_xJl y y'y 1^’“^’ j** 3 **—* ®jl j>th <c — **xlb Lt 

o AJjXJl Aj^Ipj yj 4it>b»Jl i Jl js~ y JbJLuJl i3lS" l)Jj <.£pXj - jA^xJl aJ-»ju 

4jjA\ ^y olSCJ^Jl ot cJl— ill ^1^3 . t y IS%J 1 jwt^JL Aa j) g &a ys* 

Dccilica- I5U-JI y a^i J__ju u>yu UJ 4jlA)!b JkJ J>\ aJU jJI 

u__j-Ul <ujl jil «b^_xJ| liJUJU i a t j_i j! ^tLuJl > > j—t JjlAJ-I a-S" jb lion 

, I 1 jf\ I 

k«4^«-3 l^vbv~*«Ji I — b ^yjj dl J ~*—* • I 4 Li . :wl I jjbbll AljJ 

il)_jUli j- — w tiUj— >• tiilJJ VLi« Podsols JjjJ_Jl <iy J *j'j t^JxwJl 

iljjixil ^y wb>lJ-l iili Jlj^Jl o'Vl i jy~ Jljb>j 4(_53b> jJl 

4j jh Ajt — 4 j jil i_;l jd-b viiJi ^ 4iaJ y 4jj|»\ll y^Jj >Jl ^y LSU-wJlj 

. (Wilcock, D, 1983, PI 77) 

ob_^Ja<t)l ^ja j (tL-3-’Vl AjjxJl yi o jJjll iS j^Vl ilaJLJl J^ol jjJI yoj 

jiSlj 1 4 — Xjll *jyh*l\ s^lil 4j^j>tLl aLs^'j/I y> Ia j~yj [iySLi\j fungi 

•si jil ^ j% ^1 #flt carth - worm y>j)l\ ozj* dlli y L^jo! 

kilims' t U^l y OwjXaI Jj*j 4jjXll '- r vdij J^yip > uj Ajj-^idl jJ> j| _^llj 4jj-s4L"Jl 

y jj jib frillj f-lj^JJ Aj_/dl y i £ j~£ Phil aa 33 o 1 y jAs- { ^s- 


^u^jJS L ^/>l >1 ^ j ^ (_f* l)I*XjJJ| oAa ^JjS- ^pldj (ijt#) 

iwiJl A A • 


hi s> jkJLt yo_jS 2jj>xj *lyJl L^JLLx -j ^xll AjyM <lit i-ijyil y>j i d j — ^aa> Aj^dt 

Ja-c L i.. ^aX*a)I ^yA* X> — o ( .d i aj^aJI t n& 

. iijlJlj LUJl 'jJzj yJl y y*S/l I.Xaj 

• jjiaS tjf* # y1|l! (jgy-^iM 4*»1 »«j^II jJ^lyJI (*— ■>') 

IasI j& jj^IaJlj ya^Ji J^lpj AaaaiIaaj^II «Uj>iwaJI d^ll (_J' / *l^y^l OaXa ^JdCU 
1 LoaS ^JwoISva^ ^J^aXj Aj^Jl j^lp Ia^aj1x> 

yjl AaaaiL-aaiVI Aj^x-saII djjll <J^ «A^- Ajj — dl j^laxJ ^jJj'b/l J>~ljll 
^tvAj jdj LoJUlp yfdj 1 yJl ajjUiaSUI j-asaUji-LI JXsxdl AaLojp A*Ad» 

recycling of nu- AdldXJl SjjJJI j\ J*3 j aj_>I j^cd-l Cj^ oldlj AyXS ydl ^Uadl 
oli jJ> Xy_>*dl y inputs o^oil J_*j£ XyJlj olyll y trients' 
ojjs y^l *— -jJijj <. Ajydl ^r.yj'J aajLJI aX>*^ 1I y« a__a«j*J JjI y-t yu*x 
il j£ y AjyJl jjXjj (_j* Ay- Id I jJ^I yJl <u ^ y& L* jlyjud y> ^>b*> 

U ^.*-pj t aLjX> Xyj 5 j2> J'^>- viilij c 1 — a y>bjJ JX£ j\ L^jUL.^ 

l$J aJjt—Jl AaP'-LXI i^^Xdi A-aHa^X* ^a— aS" ^J^saaai AjtXlA^ f y AjyJl o|^ 

. Uj LaaaJ 1 ! ^ ^^*x-saJ 1 ddJ La*i ISXhj 1 L^j iLy^ 1 dXl s ^ 

jl t_A>-jJl) AjyJl d yxd 1 _/y UjI >«jj >iLalp L.JI ^_pjjjiail <X*5j 

AaP- jv-S'Ij— dl Aa_v3jNI *co-il i-1 jJ.* aj jlJi»xj'yi aLrfil £■« “Jl (jfp 

.down slope ^-^^1 yy>- 

( Ji dAA_3“ “Jl jIApxJI A_j>-jJj ‘i-ijjJl ^dJLxS idU — vu yj A3t>l P dllAj 

^w^xJl f ^Xp L^>*a/U dAt^Ji ^Ajlj C^lU^xJ^/l OhXaaI ^0 L^^QaaI 

. ^xa/>1jJ1 L^>«aajj ^aaSJ! l^Sv<kAvj L^aj^j _y>Aj j!u>xjN! dds J»-yiAwj| 

AaaAaJI Ajjdl L^JLp ^jXXu ^a. X dXivAAJ ^xJLwdl UaP Aj y)l jvd^l^Xi LowUp^ 

. jl^Nb AavAaJI Jj^aJI Aj^j «dXli A..AA. " 

subteiTuncan w>^l oLU dj& U 5jU a_aaPaX! 1 Jy-Jl aj^ yj 
( y frl j„ „ g,U — >-ly“| dXJi 1 ^ — Jj, ^Jwaj ^ x X i .aJI y AA_jy WUtcr 


{tjj* o* ; hj ^ Jl ^ jrS 1 J£Aj <jydl oL*!^, 

( J 1 «/3 I ,„« 4.1 1 l ^|»Lj*»iii.i..-* J l L>1 a» ^ kAjwLoJ P- Ax i 1.- L. ^ i 

O^So tiiJi ^ J-L>*Xj V 4j^xJIj — vixJl 2 >\ jll O^i 

ijjx)! o-Lfc fj* w ^rj J ^ 1 jJ-IxJj (jji <u^J| 

JaiLs^xll JvU — a l^i Jjjj ^yJl j^bbil ^ ploys Jl ajjj jJJU uij-^Jl «Ljl^ (jLbli 

1 “ ^x*x)i iiib 

« 44 uii d J^ LAji i MljL4J^! i idi lJLJ ( f ^ 

• i _Ji L*s* Lfc jU*jJ jSvaj yojlvos- S-Tp ,_y i_S j>*i “Oy ,^p «Ujj ^1 i_iU>«j 

: Texture ij>iN g+u m (I) 

) a__jJjJ,I oL_J-l j*>t>- jjl j~*Ai <5“^ *UyJl JJ aj J vaii 

lkI ^ ‘‘J 3 * £j\ji e?-^ l*-4-I Cxi L* Lf-'Uu-t £-J jSj <. iyJl ( Ajyva*J| 
fU i_4jji_jj tyujlil j.4 i , • * Y y Jl! (jj Jl is^~j |vT* Vo j Y 
\j°\jfi-\ j-* (_jl_? 1*-^*^“! oLii y» A_ii J53 *uyiil <t — cJl JLp i yj| 

. liUi jJ>j SjijftJl Ipj^j ,uu JoUx^-^/l a>. jij ^JJlS’ .LydJ ijxJkll 

: Structure io^xri *-^>3 J JLl. (u) 

u*J v^y cJtxx 5- lj® “js* — oL> J5w ^Jla ^jJJbj 

iiL_v>- oLpI ji jl oULw« ^s- (_^_^_x>»j ^vvJxa J> 

oL jj — «Jl jl ii« L jic' L^jLo |_ji I^a i "ulx>«il 

<e*v r i-l oU*>*xJl JlijjJl Jt< iJJjw jt AjjaOP Cols’ nl_^w l^j 

cCa—p! JSw ^ jXj LfvOAJ t L^lSCi L-w*^- l^-JCvflU t C-;S Jl 

Ifvijuj ( ,^j_cJ.I ZLij ) l^aauj tSjjX«v< i_«i oli ^ ^ • ^JAjjIj 

l>y^a ji aJj^vj If; oLJ.1 i>~ ^Jp Jj^xJl .^vj y jl icJl y JJ j 

lfJLvw>. ^L>k>,! £jl_ya ^1 fciil APljJJ AjjxJl £lyt J-vailj tijydl C»j-» 


^ *0 vl/UUlJl A* X^3t4J (§) 




oLJsl— i Jalja__£>-*ill jJ-o — *J * — >• ^*- 1 —* 0 i ' — * ^ J 

IfAUx a! i Jsuil^ 'if ^j*Jl ALjtiM Aj^JI aIIpt ( (j^— 11 

. eLll L^UliJ Jbb“- <j-« LjJ AjSldiJl _^£-fl dim Ifj^i 

: JL \j2Jt CiixLJbJ ( — *.) 


: JiJ ,y (y> horizones c5UT aJ^U 

•Cbli t Aj_^_xJl ^Uai ^ A;>*ia*Jl A — aJbJl jAj I 1 — 

Aj«-t*l,l il ^i.1 Lo- ^ > dp~y) A*-wm5^1| Aj^aJI *^-J ^A^if I I \k\jb i\ajj C 

CjLLvjJ ( jpyCj t^JLil Ajjlll (j a AjL I (jJi'S/l jylij lAll>cdl AjjvixJl 

a . t_ 5 ^i AjL^*^fl il^ll y*> ^xl! leaching ^J^^xJl 

. Aj^^cdl obll 


oUJl _5 ( 1 ) jJ ll Jp AiP ujUx_>*j_j o__ r _JlL- ; — <i t (j-il JjI— - xt * 


m* 


aJLo^I oilil o^jLwwP >— a Aa — JaJl * m ^T "** 

(_£^J-*Jl IaJL>- Jj«jj oAJj^>tXJIj jJ^oljjo uL*j ^IXj j»J LgJl Ji3 1 Aj^xU 

. axuII aJU-I Jl U^l aJULI ^ aJUWI aaL^. 


SOU lm Ajj <LJi>- Ai^ jt A-^ivsl 4jji AjjXU f L* ^.>.w.aj *-k»-jJ 1 « oil Pj 

Aj><Ja^>( O-*^- Aj^j 1 ^jji^ifl ^5 aL U “ ...A A^Pntlxi-w Aj^j J v — > J 1 j^^f! ^Lp 

0 j£j oJIaj substratum aj^xJI c^J- U AiJt> ^ u-j jil ^-vij U UU j , subsoil 

. aJLSsI-I ajjXJI aJLs^'VI 'U_p»-a) 1 il^il ^ 

: bjM 0) 


l j^Sifu 4 — aIx>J,I l^ — pI jjL 4 jj^U oJ_*Jll ^yt 0 jJJl "m 

A — ^ A5njJl Ajjlll (_5 Ulf! t Ajj.,<q ,.J| iljilj OiL»<il ^ LaIjX-jst^i 

il^il jJ-aj — j gray soil 0_^Ul aj^Uj a — jydl <• a yjx *JI Silll qa a*_joj y> 

. jj jJ~l x f ^s'i j! l^j 


& l ^ j ^Ul <^-ji (_5® Aj^LwwJIo 4j j *Jl j_J^* ^ J 

Aj_^lJt <Jl_>- i \ jtfi&» tA Oj J-~-A> ^Ll^/l ijjlll t) jJ <-A*PJ oij^ O^ ^ 

; <Oj^i*Jlj iJwL-jJ.! L^jljj5l» Sijjw liUJS'j i L(j wvju <J b^J-b 

. l^Jp J-JL>cJl { _jAju *1 jju LjJU j+n>- <U>-ji AAjjui l. yjj t j 

J— ^ ^ ‘ ‘ " "* (_ylP & j — <V->cll ^1 aI^*_ 33^"! <bjXjl 0^-» |*-5*l-P 

jl jl 'jA*&'\l\ 0 jJUl ^ylj 0 jUl Jj— >CU jJj jjjjLl vA*v»lSt 

A ti+ri i * U < 3 , „ ... J l jl i^LAJl jljJ'Vl £eZjj . l$J JjjJ-l Sibj iJlDij 

15”1_$ ^Jjj> a — <il^>c_w0 oil*— 4 i^>~o 4—' 1 °U 1 

• jLvvmAjJIj 


ijlS” jjj t ij_>*il jliJl l _ y lp ^1* — jJi-J-l 4J_rll j_^J jjJ £ i^^iJ 

''■ij'^ es® tl)JJ^/l jL j*J-*Jl £.* jljJt jjP j— *xU ‘Qjjia 5j_*>- jjJj 

. jJl/^\j jjiJlj (jfil* J\j I ub 


: ii>U( ,^1 djyJkJ U1 ijUl ( *) 

c3Uj' (>“ obLoJl LUjj jj-i=U Jl^ (j— 4 ^ 5 j^sa_j<JI Si 111 j jScj 

micro ijJjJl iJ-l obsislll £L- Ijj il^ll 0 JU JUoS LjlXpj <,oj+ai-j 

humus JLjoJl lg_-dp jlkij jjJJl iiS'b ^>Lp JSCio ^a 3 l gjji - organisms 

Jr- (jdl oU*>odl jSLi J> a*_pL!I oUJ-I dJLli ^ UU Jji ^A> ^JUl 

, U^bj AijZi 1 ^Joju ^jXJlj l^>- j*m 

£Jt. u^‘1" o! 43L4-I Oj 4iU-l jl»bll ^ Sill I SJLi ^e-jj 

^Ij-sL-l ^Ip U_ ; __ : _jti -L-spL^j oh'LJl j£ Jp-I J-AJ 4 — j^_xJ| t y>\ j_j£. 

^ l^waJU^ Jp t ^j ^ ^ ^ 

• Jrrjjdl Lillis, J y^]\ J C-Jjj^l <ij=Jl ilXi)f ^ J\ jJ^A\ 

p H CH+toAgt 0 W J y^s^j L+.JP (j) 

dj& jl La\ ijdlj tijj-Jl PH j\ ijJi ^ UU_>-1 

. iliLuXa jl ( AjjJi ) ijJjplj jl 4.. ^,^ v- 


1^5- l lj 115C11 j*-S'!jj S-jLj £* <,yj| ijJj j 

t (_** H + yy- j jb/S/ 1 oUjjt ( _ 5 l e- OH - oLyt 

. iLyil obi^/l L« lijj 

*Ly (J~* r^* — (j^Lll <_$* *Lyil l — aw <Ujl» *Ljl jgn— yaJl <LyJl j 

.jUxa\l! i_aw»j jSLtJl A-AjLai ^-^La'i/l (J-^J tiw>- J jjJLll 

^y*3i U5* b^J ^ \ j T y>J *U^Jl A-sf^a^-l “Uw £-jl jSjj 

£jiy £" ‘W’J — aJ»l “L^^P (JaJ j*J ‘W’J — aJ~! Oubbji OjSC) 1 j V yi I a £-j|y 

(ll- Aj^li JJ (J_P*aJ V j^ijil AXP aJ^IjcJU AjjXll iijSii y V _ *\ yj La jvijJl 
. I^>- SjjIaJI SJjjJ- <ui i.^1 l> j£> _yVl ^i^Jlj U _ V y kaline 
'LJ>j^J~\ y Ly jL$>- J^L-P y J-aJ-l y <Ly!l <*J> j-*_s- yLS (j^H3 
*L >- jij Ljiiail oJ^-'Vl £l jit OjO>«i] LJ> yaJ-l ii ya S^aI gr jij (PH meter) 

• U-o PaLaJI <oLaXaai| (_£*Xaj L^jb^i 

Vegetation CiLUf LuG 

JjilyJl Layi Lfv»JU y> yudaJl tliLJl j£ y 5 ^ll JaI yJl 01 t£ j AjlJu 

• <y S ^' 


: obll J S/jl! J^lyJlO) 

i jL*! i^jLjLS^ilj aj^aJI t ^ 3 ^ ji " ^a 3I ^|-a , a )! L X 1 aAaj 

f JL1L 1 $ iA^ t ^iaj w ^>€-^31 .i L . ft L..i , J I (J^L^a l 1 ^,i i ^^3 ' ^»JL9)i/1 

Jax ijijAij jL^aai^M c ^JjIaai! ya L^JLixjI j Aa5IaL^J! ^l^ii 

jl^ll ^lyaival L^JtAa- ya L^iSCaJ l_j C'UL^laJl L— AjjJs?tj (^^LJLi-l 

aJL>- t £ ^a*j Li.ii a**^L- | i^AAj Lo-aO C ( y (_jLaJ^l j^y A— MajIaTaJI 

_yliu_J l <C a j! 4jj_jdJ ^JoaaJI ,_jip La J — «jJ iaJ^Ul S^UaJI iljll 

. y«y3l oNaLha ^Ju jjj jLlxa'SIl L^J JJjj ^yll (jIsLdl ^ tiili 

JSLJ “Ly^ S -| jbjj ojl y Oj jB v JLiaXj 4 — C-l yl ^y>»j oLlll l) jSLJ I Jbuj 

jyV I y Jaj (_£ y-t Awi y Ay^Ull » S^jyLaJ \ oLi^i ojX jjp-ly y <lL>-y 

.yJl AjjI yj)l AjjjyaJl^ ial^Jl 


^xli L^ ^IaIIj hoy a^l^Ji ^^o'Vi t^y*j 

U— .*■ > - . J_^J| J-s^3 Jji> ^ j^SC^uJo LftjjJj ^Ij c AXaJI ^ JtA>- _^iailj 
dJUi ilJl j|JLw« j-qJL-*^ JSCJLj jhi\ iaiL-vv^jj ojl J* jJ 

lj! j . Ajjlall 4-Jp^Jl J^bLil ^3 (JLM jjb la? 4 ^ j O jAaS^A ^tlb j£ UF ^ 1 

(jisldl ^ » c^-dil ^jj^j cabLcil (_j ji !l i.L-jVl 4JI1II Jpl — fcLl Or® a 5 j j 

( 0 j ■ ■ ^ * ) ^yij'S/l £eJsUai O'® ij* j-^iaj CjL“UJ| d)t ^ ^-IjjJlj °^J./^I oUjO-i 

Ol?l°Nl jAlL) JJixJl j qU,I ^UJi^ll ^y> Ol£«Nl jJa» o^L_ 4 iv»!>U wlJJSj 

jJ- ( 43 ^ l axil ol S»Jl ^y> (_ 5 *J ) iili-l (_ 5 ^»Lxil (_jij . o 3 jl — Jl £"l<jii I ^yA 

O* ( j5v«I b> jJ—JJaxU oUij waxy 5>-l — ^j,l s^Ow 5 jlswi'S/l (jl jji Ot 

jljjlj tiLa 01 aU- oli La 4 jLjl ^I^jNI ^ JjJ *Jlj 4 ^X— d-aP 

4 I 4 J ^yJl ibjiaJl 1 sLi^-l cjljii! 0 LII 1 -kli^-Vl i y>-\ iy» cLUSj 4 i5La^» 

oJa yy> JjJ_jJ| Oli dJJi 4_JL>- 4succulents oljL-vaJl oJa ix * J 

a-^-LJ-! l$JM_>- ^ Jlaj j__vil I JJL-dJ i_jSsJlSC-« a-^vsLj^ l^J oljl—j^flJl 
^jA j 4 1 ^ »> r » **A 1 (J0L^“ O^j-tj-ill a****?! , jJ Li ^yA ^)03 ^*S"tj h A • 4 *a^^Jl 4—*lal^vaiJ 

. jxxdl i»lL> c*_Ji ajloLJj oJa cJj Lais’ <bl i_ij jjJ .1 

jU — t jia jUwNl <j&*a J — ^ 4 'U-OUl ,ji»Ldl 

*■ — <Lj^LxJ I (J>-l Or 0 °y i '^ oLaJS" ^cXj Sjj^Jl L^J willows u-iL^ a ,fl.<, ^ .!l 

( oLLJl i_i jajj 4 a — SjLJl ajy-l ^y> ^ 1 p oJiljJl it jh jJl 

c y j^l oULJl L«Ij 4 hydrophytes iJlil oljLJL 5^ ^jJb iJaj itu 
^ >o^ ,^1 oULJl l4j 4\erophytes iiUjL.! olfUJlt o yci 4Jj_ / t 
, ^xiiUl ^U-l ^ ia^j aJUxS - mesophytes L^Jlp jiixi ilox^ jLLa 


ur* i^bjl deciduous forests i^oiJl oLUJl 

‘-'-AA' jUadl’yi ON 4Xa>tXj|j 3^_J| ijla>JJ cdJLJij 
dr® (J^d (_ftsii>cdl O^i JLJbj . S j-~~S 0 jS\j UJUp iws'bv-j 

■^rjij ‘ ^jl—Jl ,_^jyJI tiib J-tj-jaadJl obUU i_ijl yj~\ iiLkll ^ aiLiJl 

( J-^a-Jl , '-d-» — & Ot ^ (J^®ii ^ — jwajixii ax» — -J l jljj'jll jjiiJtd j >- T 4_^***t ciiJaS 

Ur* >-Xj1^_X3 u-i *'— s^L >-j LvLtdl Jl u — » — iLS” j-y-i- £ _/0'' vl ^ 

* V— 1 


its| — j^xj idiJi O^i oLJl ^s- IajjIj Uil __^_pjjjJaJl Ut 

4-jU-l IIaj jj-vwJl IfojU- JLj-t Asyljj ^jdlj 4 LL 1 JI iJLJLl ^^^>1^1 



l*J »«— uULLi AjjLaiL ^yL_jJl ^*jlU o ji ^cea 

. ^LJl <u jJajj 

_j *. l l / 4 ^ 3 * ^*j ^I^Cj OhX>^ *.** . wJ l ^Ul / 

jjXaM i j*,>Ai obU ^LdLj I4-J , 1a . .. ." J> SjJbxjll £-jjL«J| ^yj ( J5 C«£j ■CAJj 

.(rvjs^A) 

j\ ^Lx; J*>U- ^yl—xll _j — * jJ\ X ^SCi OJ :Succesion ^loj< uJk..a&tt (r) 

oljj 4*aJi o^5s> _ 4 — ^1 jjJLj lijj Ualj .. la, i * v~ j^ylj^** 'jA ^ 

*ul j> l ^SCiJt oJu. j . ClemcntvS ju OjAll \h» y» oL^itAill ^ 

li- •C^iNl {jA oJjIj ijjLj i jl*lll IjUj ^yla^ _jJl lj 4 jjL*J| 

jIjaXwjI t. <U j{j> ^jlauu iij> £u>j*i£ d)t L^SCaj ^yXJl algca i JUxJaJlj chen 

0 J ^ ., (3 J l C M iii .4«j o ,. l . .A t ^ fi - J k U o f <*^1 4 j^>«... *1 1 i jl ^ 1 C' 

J\s- cu*5I y ^yxJl Aj^xil okxi* Jte- mosses oUiiwlI c-jLLpI ^ 4JIJUJI 

^yaj[+ali~\ |*j£snSl,l *Ll s»- jU oJLa (Jr*" C-Jlj 1° (jXJlj 4jj>waJl ^da^Vl 

kj> j^>~ jtajJ aJJu>m xM iJleJl .>1 jil oUa 5 aiUj tSJ__J aj^xII aj^J <lJjVl 

jjy ^la j <, 4ju1^sa»JI 44L— *jwXll I glasses ^ Cx*J tAj^Jl 

Jjx„j> jl>w^ , 'ill (J-^j ji'l ijA 1 jJj- aj^JI etLft —^ aiUjj O""^^ 

.( rv ) ^Mi 


t iouJaJl ^ oULJl ‘Utv’lj :>_jA>- J La 4jf j>X>-j 


jJcj *Vj *j?£ tj ji iULw> OjSvj V oJLJlj 

i_S Siku ^ jJcdl 0} <^2>- ijA>- Jjb IfvajUaj*- (ji »Wb 


, L— jwj^Aj b <ok 


t Lx— *A^ij lal-1 •*■■?. -dl (jl — ^J j>y -..'•>~j (1) Ly-g- 1 la A &fi iib-fc inAd&Q 

com- oUj*j>«il ^Lill j life formtU-l JSJi JjVl ^ d'^Uj U I yJ~l I 

. iuUJl munities 

Jl)l>- ^ ^jjL—ll! JJsjJlj j*->J“l (_ylj JjVl ^JJivail j—^ i 

OjlcJl ^lp 1* jjlj <U_ LJl i— S jjUl <J A_v!lSj ^5-1 1 1 — 

shrub ol jl_j>eJL ,i i/l «L_JLJl 2l_s>JJ JLSJil A_p-jjj . L$j J — cS-^l 
p-i grasses ^Li-J-I J-<J^j herbs^JLjj! sUU *J iianas ’&5JLJ.I oJUlj 

.epiphytes iJUkdl tubUl I jS^j I Ji> 

4jllx>x^o J ISLX CjIjLj ^ ^ « <CjLaJ| *U— avJL bl (i— J 

*b*L-*j JbCii LfU-b (Jai — XJ Jlill oi ( <uLxJU <u>-L-w ^ 

iJUlt ^ 4jj i^j>* 1 5-jl — jJ ip <1)1 L jS^S “Uisj*^ 

<1*1 (jj , -Jl ^lajJlj i^^aJlj <i_jIjLJ A»j |»LkJl ^ iw/dx->»^i *_}>• J5" Jjf 

• <Uj \ jj <Cj Lj ^ i^jl *Cv* X .< u»j 

' c_^I t-JbJaJlj jkillj ly^JJl (1)1 Jbi Jlill J^-x ^Js- 
jl <byJl ^tkuj Jj^i ^tSl j££ jaXj j| (jljjl j\ jjA>- Lfi jj-vJ j Lo J lJI 

1— I ^Js- j^x . j ^^JjxlaJl e^ixJlj i jl> t Ji'V| j £j ^iJ| ^Ip 

kUjjl jiS’^l jUw^/l Ji>«X_J (■ yj} ^y> |^J| JL aXi lx L— J I 

(J^ l 5 ' 1—* (.r^J iLa^IIp A*AwJ LlxJl oUJaJl 

jAJj i_^l^lj Sj-Si^ll ^/-Jl fUaJl IsA J^b 4-Jjj bo>w> {*J > jAJb jl 

• “l^ ; l"l (J^fl (JU*» ^ LjjtS j cjJUJI 
(«JU4I yri CtLiri^ ipaLUl ^l^aLf I 54)^! 
u U(k oUlj -LjjJl J> Sjj^u jkLi JUS Jj jJUJl j**JB ^jSUj 


La j \ ^JlP idili J Ajl jj>. oL»- ^ l$j JLj>-jj Uj ‘U>-Lj ^y> Aj yyj 

Aj ^ xll ijJLs- JJjllaj |>Up jL-CP^I Jb^-'Sl! ^a Wilcock, D wLao Aj ^15 

^y>~j ^JtP c_^«j cillij ,jl>bJ.I <iSa ^-Idlj ,_£*— . -Jail CjLxJI y ^JS" jjub*- ^ 

j»li ( _ 5 xJ\ SJbJuJl o1AjwU_xJ| c_Jl>- lAft 4 jv’Uj’JI s>Xq} A^wilj A-^—AjvJs ijA>- 
,&jy\j oUJU •UajJ^xJI j^vaJi LjJblp- y jyJJ oL-jNI I^j 

: U ijfci 1)1 ( Y 1 ^ ) j*ij Uaj^jU o^dj 

i^lxJl l^jjjjj sxiu ajuJI °*^- ft * I undra j)i > ..i. sh (1) 


jA^JL^oJl (JJpUa (_$■£* 


-a) 


^ nb_JLll ^ |»£ • _ jj-j Lo Sjl j~J- 1 A>-ji 


Ulc juj>xii Ujuj tL_wiJl J*a» *bd1 L»Ja** ijj j^hj jSj i permafrost ^JlJdl 
\ y>-[&~ jjix oJUj^edl <L>iJsuJl AjLkJl oN cdJJS ca^aIj y& <e_y ^yi 

jAS t Sllbsoil Aj^xll L* ol — ILla ytj l£>x-dijj aLil uJj_vJ a£^p~ £~oj 
J 5Cji ^Ip j^laj Aj^i j^r 1» lij oLJl L)^i ojl _^-l A>-jJ ( jpU>*j|_) Aj^xJl OwVA 

If*' aIx^m^IU jJaj N (J-Ai (^j, <_J^ jL-AK-vuMl y&>xJJ y— AuA 

Aj ^<J I c*) jji \ x »*d 1 Jb l j Ij ii J 4 A^a. — J 1 o iXJb i jfi I yj Aj yA A 1— «P" J ^ A 

( jxtA^J I bvft „A Ij 1 rt~*^^ 4 ^ Aw'i* 1 t_J A • * It 4 lj t ytP 0i3 t P ^ LJlj 

o ^-w3 ^ jLaj 4 -)^ a«v^ ^aII 4»p 1 ^yCLAj ^ mosses l—j Vj ? ,. < }.. ■ *.**.t, | 

^1 ol.L......il yii I Jbu AieJl oJ ft cl) laSlftj 4 A^x-wixll A^wJLjl 4_ij^Jill 

rendeer Aj_^l Jiu herbivores iwJL*Jl aJLsT (y 5jU 4aJUJI 

carnivores ^ aIsT olil j-J-l ^ j lemming y j voles JaA-1 jU j 

, ^JauJl 4__Jl*jJij I — (bill jjia 

conil-/Aj»j_^il oLLiJl jl b^jldJ ^jil^iJ^-1 ; !.»»*.< L*Jt (r) 

SxJl oILaj podsol JjjjUl lijjj subarctic Oj^ (_5 jLaJl ^Uii crous 

^nuCj l lf* a J 1 c_s* iajU~>x!l Alu ^ft 

jL^>v_J) , '!)I I 1)1 1 J&jj 4Ajj—lll ol p 1 Ui ^yi ,_^l^i ,jAj 1 i— il £*iij 41131 ( ye- 

C-lUl^4P P-U C-)j-i S J*/A& ~\ A-oJljjl ^!jj\!l yA A-jp _J^>ti,l 

0^1A-CUw 1)/1 ^yip ^l> lt ** 1^ 1 4 *Aj Jj>" (£yZ»x *A jX ^jljaXjl L )ji t — ^>dil yA 


Y * £ 


^£. 


(r aJ£«} 






yil o UA y 4 — j»~<» — JlJl AillaJl y y^Lu 1 — a (j-Pili 

. JUliU Obji -Up iyil y Silio'ill L# le S^ybail tAjJ'kf 
y > j glaciation oLJuxJl y L*Lat 4 a_xJL> Ifili Lxa ajjJI l»1 

yp |^aaJ 4_1^)xJ OiAj^XamII 4 (Jbj)Ujl (t i yJ lU-A— ll f ^ 0 ^— aA9 

. iJlJUJl il^ll y lAly**^ y LLpt «by^l J*^’ 

iL-a La l^J l^Jjj__ 8 (I l yjVl iiiji ® L^jJXaj ‘bL-JjJl aLs-bU * — oibj 

AjyJuS\ il jll yLJ yj 4 jI*U l__^ial>*j ibyJl y~liLi u-tbJbj 

. ^ladil < i J lJI La oUI yJ-l yij <■ Jib'Ll l)t (J~i Lbjl» LSj g ^ Jb uJ l ^^Ip 

SJUuxll ob*i/ ^Jl j j^j tjjjjt i— * _y y Lalvit * * ( I (f) 

y» SOUP yt Usj - jjj t <uyLl LCyti ^LAj yj IwUL J jJ y j yoil (3yj 
IjcJjjIj LiUiy ( y Ljjjl p oL I p y JJOj y»_Jl LUoil ILa y obbjJl 
oliLiaJl ‘'A’y-i l^Jl>b>- plil i_jjOvi il) jJJl 40 4jyll J t <Lvajb oblp La y&j 

_ yoJl ^yld—icJlj jlall ibijl pLUJI jLb?~ 4ob>*J 4 j^— xil ya 40*xXj| 

40p y j t ^Jall j_jip ^wb - jLodl 3j o IoOpj 1 — Lo '-a^* U— * If^^j t Cf* J 

4j yll yp 0 wt-wM 4 -jaaiIj 4aL*J. sookII jjoLl oli IajI>s-L 1 4*5l*Xwil il ^lb 

C b^bv*«5* oljj>tJ,l j ^ 1 1 ya 4 -oIUaII il^li J i_)i 4^yi2*LL| 

. i — ityJ-l y (jljj^l if y«( pLj! 4jj^op il jaS AjyJl IajocJ 

iaLLj 4jjXJl OlOij 4JLiutil p-Loa-^L/ 1 ^ yu j i L^j yu> y JLj-tJlj 
4jjX)| oJA ^L £j t 4 j j-/1P jjP ji 4-1 j <, h P oL^Svs OjI? pI _ j~a I^vJjUjj I^jL^SLi 

y ^maJ| oIpI j j La j» yuj i Lp yJ“| 4Jilni iLllij ( lyjjvA>- yj ) yLl 

lvij| 4^> — ' ^ . A , l 4jJI — 4-»lJl l5vyl y obi *Jl oJLa bat . 4jvukIj oL>Lut 

t 0 y ijjlilb IpjJ 0- j l • yj la by Ly- U y LftSllj 

Jjj . oak if ji — Jlj chestnut JJa^oJl La jL>» — Jit yj c bjjjt o y y la a,. ,.» 

4 — j^a — <Li|jl>[ — >wt (_yip (Jo — L j 4ia.lx >^a obi — P obi — kJl oJA (JL>__JlJl 

oli jl>r . ..^■Ai'll I Ja^yil j>t^Jl (j/ay>- yi Oj»l 5 * i^ifL-a Ua-^jj , 4jlfj^_>t J a j 
cuIp-ji Jjjt JLi Lyiajca ySllj oLL j __j_ixll ^1 yt ,_yxjj Lvajy<Jl (jljjMl 

oujlj i^JbajJl 4yutx)l 4jlkll obljy yt yj <• 4-aj Jli 40aj Ol yi JLa 4p|jjJ| 

. 4j_^jl oblj'sllj 


^ v ,.* -J y iJloJlJl I5\jy! (_£jlyl y Ly»lL-s«>l iAil t * "* I I ^) ».U.m ..l £ ) ( i ) 

,j^j\ jj l y j g . 1 ..dj> 1 ’y*>* Veld aAij A^yuA-l li>oyl yl — jXj lyT -^■‘■“j 

IOjIaJI JiU**y vj y>l >[ J1 — *-idl y y £j> ^!> 

ij >1 ) AbyJaJl i>jn__jJaJl yiJLid-l cty- (_JjljJl Ajy i $ ' ■* yyJl (3daJl *— *y| 

y^aju d^>- f-b j-Jl Sydl jl chernozem ^jyj Ay la_y> yj ( >' y 
y Ijl> y yJl y LiU>- jiS'Ml A_-Sbi~£3l a>I y L-*I tySLioLl 

^ aj> I y 4 j*>l_iJl yj iojj—saaJI yl — ^ pVIj l»!>b— >-Nlj jjlSoJl 

( 4l~Jl y jJLa VO ■ y>J ) I ASH’ ^ >ll cuL^S" cSj^ — ^ 

AyJl y (l) >*^1 y AjU — » £->4 .y>-j £■* PH *1 *^>1 ‘b^y- 3- A^J >ajj 
>«*£■ A;L»j»J AyJl y> yCS t« lySy • ^ d a-. J l >P A>5 eul^lyj Oy-j j»>Ap 

.ty oU^l yydl Ailh SjLj yy dlbj tA-ydl oUJail «Ub leaching 

(.y^Jl j«UaJl y ojl j_jJ| y Lyy-sJ (_jy>»j j!a)I iy yj 

l5\yol y l £j aIjIaIIj i is«-1 AyUhil <_ij_>ll iiy>- h — -ia*»y y <Jhi-l ^yAjj 

tiili , y>jul Jij lyall yjUiJ-lj AiliS’ Jit ylcJl *lkiJU tilliJy tAJU-iJl 

>1 L^JL»_>o If oUl y aj y ll (_$ y>«-« a1_s L>- ^jJJ Jlylll A - — < iS y lit <__>• 

iiyJl y ^1 yJ V I 0 Xfi> C ^> yj Lo b Jj . A—jSo y> V I j» j yi y — JtxJl Ay y Aj y_ . ^ >- 
( Jjub yj Lo 1 jyS Ifjb t Ay L jC« ol yi >11 laSL«j j»JLc l_J j yial 

yiljyiS^y y^^jl^jl CjUNj y J^-aII |Ja oLyl^lil y 1 — <*Ai^ ^Ljil 


•<T l 


^oi bg — a-Ssj j!A>- y 


j! ^L^llX* 


y!l jU»«-JiNl y tJljbUU) (4) 


^UaiJl J*bjJ u j s'AaI- 1 A^lJb yl aJ| _)l>tji| ..l A J ^ylaJl C.A^yall (J-n^ 

t obll L^tA .A - ‘.^ - ■ 1 l.. IIM i* l ^ l *vj A^bul dy>EAA* A_^*L2h dhy IiAa* 1 . i. B ^> y Ul 
cork. yLill J» yL jU>wiij iliyijl! aSw_«^>j cub Lxa jL>c*i ,| !i/l 

. overgrazing yhbl y ^)l SjyJLi* Ua aj>I j . oak 

yjyJb semidesert — Jl Aj_Jiy ^jU^-voJl y yj .fij +. «* rt (t) 

(vAlj SjjUI ^jL^waJl ^>1 (>■ jUaj tculjl — a!I >b Ajjlall l)j^j jjJl 


cJL — >- Jis ^y od>*J.I lH— < w iJLUx^j L__y> ^ 1 jS j^j^l y*-t L^jilslx^ 

oiA t_nk_>»jj <. Ij^U — <J 4— >- tJLo— ^ U-**iT -^*-^j t y.j^ *1 j~>+*a j 4 ju_jC5 
UlSotj Li;y| <y (_$ j^Svll Ay * . yaJ l ) 5 jU-l ijjlji! ^jl^cvaJl ^ji> ^jLs-tvaJ! 
jis>L< ^y ( A_oyJl SjjyLlj Uly^I i_j y> iojjJ-l ISoyt ,y 

l_f® cydJ ^" Jj* 4— ol^" L^l cSj^^ -^ l * — viil (j}i»lx« y -lajl* a 1 yfc 

• J^J {jiJ 9 !" (_5* (Jbi-I jA US’ IgJj JjV*^ll y* jUxaVl 

iJj\j>l^> *uSj pL. H • y> <^y«Jl jial! Ji U lij Ljl yxv? £tdl Jjuj 

_ ^_jUj_x 1| SiUa JaI — i_juXva~-Jl I^A LjlS c)[j , ^ o • _\ Y ' l y_i U 

. 4i«Jt J^A>- jlall gjjjj 

^T"" uM '■JUJU J-^* ^ Ji y~ !' jA’W.I ^ (Sjl>wail j 

<_s* -l^Uvo U 5il_^ jAj i*byu» ^UaSl _Jail ili t _^|_J1 *~>»«A)j j4*ii 
£f c_iSUll ( _ j Ip ojJSJl l_^J 4 jj| aJl oljLJlj iU5l>t_i 5 Jal i__iv»! y» jSUi 

J*' 1 '* oLwJ,l l$J tj >tJ ^aJ| *4aA— ^aaJ| AIKa^WavJI \ -gift 1 JJjl ^,0 L &l d*L .| i % Jj ^ 1a 

JjLw<j y> liili js-^J J ^ 1 1 5* J.f^ Jt>U>- j\ objL-vaJl 

ur^ l£j *Jj\j»v^a\\ <byjl Oj^i «Ul ^XaJ Ijajj . i_iUL-l ^-Uil i_ijjis> vUuScJl 
jSC(Wj cOl53l y^X-j JldL yfcj ^jj^ulj'jJlj JS 4 ^">UMl 

^jlwi JjjU ^ oUll l$J o jiljl li[ tJ^Uxil yi jjjJ iJU U>"Uj1 ot 
• ^4^1 oLst a> J.I l^J| C-Uj^alj 5jih>«i| <_£ jj| 

c 5 * ^k«Jl ^yLp £^>L_«'}/I j^Sly ^jjI j>t-^\ aj^_x)L «daJ ^ll o">^SUliJ,! yo j 
‘*^j > ’ 1 ^ “^1 y^xJl 5iUa Sibj oULJl jji>- *U» JUi ^Jlll (ji'Vl 

Jr ** — ^ ^ r J a . > « J l (__y^ ^yilj «Uj|jJ| LgJ'-* 4jUl_>- <U^»tj 

y.jjK y. OjUl ^Ua-_o salt crusts U_>Jl<, JJH li J_iUi ^ 

yo Sj^_j i3_^SUi U-pJll AjjiflJl ( _ J v’tj'Vl ,yj 

^ y ~?*t — ‘■y ^ij^— 1 4"^ C^UJaJl 0 i£j—>~] Q^UUa ^yj 

OjSo Sij 4o^U« ^ciuJl jt ijyJl LfHiXilj _ ?:r JlS^| 



y 2> j — ja jA Lf \Joa j— J_)I Ad j! — i_J j jJa £-L_XJ Ad_ Ja Jl oJlA 

olilj-j- yofj ( A*\ y c \ 'KM toUiwj jJl_>- ) 1 cJijJl y (5jUwaJl 

.reptiles <~da-ljj!j rodents yjlyllj Jj)/I 

y’y- y Aj^uIj CjU-IwA oUlVJl t\A ^Jaju !4<h^JI AUjiJuU CiIjLUI (v) 

_^5lj yj_>- y Oy-b 0 ) OjjASll 

. Lj^I Ax^/lj ol>-l~w4_$ ( Id* J>-L*. ) Ljjj^il i_j y- 

djl Y * JA ^~5"l J^— *— ^ 'dUy- ^ — *^21"^ ^ id‘J 1 JA •Xju j 

1^— dj^®| id d ft ^ 1 ‘ ' c L_^l «a! ciaLjI* f ^3 

yjUa4-l jo_jOo L>- jJjSoI L-Ij LeQaj ojL_xpl j5 U j JUIjj (Harris' P 244) 
!>“ * • J — =“l jJl jLKfll y j — >-jj >2~_>- heterogenous ecosystem 

CuU>- < 2 — ^e?liJ~! *OAj (.Jadi Ipjj ^ Y A_yiJl olUJl y ^JlJ ijUoiNl 

i — ja jjJ — *Jl ». — ul>o C!aIjL*J| oJ»d> A— aJLj Ajjjw3 * \ t ‘.ft. 

•cS^^' 

ejl^sLl A«jl*lJl SyyJl _,lk»Nl y JUi" tXo JaI y> £jdl |Ju ^ jij 

■ oljlcil »Sa J^a J — «jJ Uli ^J*Aa y*-lXA JaX ^iaJlj IJLaj . |»l *J| J jjo a*Aj^1I 

£-A |»-ll*Jl y Aji — cJl n , ld' . J l j«wtsl Igjt SjjJ-I La I yj~l S'! »_Ip ybu _ldX*Jj 

• l S y-' Jl AikxA y UjUpI ij^bsJ-l jLxp'iII y 

>_— s>- oL) V ^J) |V***Ao ii*y- IJIjJbl y CjLLJI aXt> _jl ?xJll i_dJLi>xj j 

~ ^ ' Cxi ^ ^j^ 51 4 ^ a jL>t4lj I yc-o Y o J_^»i jl>*Jtri tJjiaJl 

U^liuwj A_^Ux^,l j£\ Jj'lll A-tiJlj i jbil ^ Jii t$l« aill j I Y 0 

yCj LaS - Ls-yjx Jl <15 A-iLcdl jUtiVl L_^U~j| j&i ai oli 

ej|j> 6 jA .jil oUUJl ja JuJuJl 

Ajj_>%J| oLU_t JaL-^u jr _o_J>-Vl (5jlvdl 1^*1 Ajj_l)lj 

to jU^ L^Jj L^ljj JA J/yi Jj-ljll ^ iJdj. Ld> ^y, j LjdJ AjjUSCJl 

apIjjJI ^*2— Jr- “^i oLU_xJ Jju JL_iij 

. diicdl 


4^*0 I OwVjmL^ t jL dl O^vt^P ^aS” I Aj^jdl aJUh vfJL<KA*» ^Juj 

Ja>- i y& >X*— Jbj JjjJ~l — S"l i^-wJ L^j ^j3j y >wv> 5 SjJLiP I i -> ^laJl 

uiUji c UAxXj! Ix^-is* V ^1? . s* Qt j g )&j 

^.d, A „,,>*j (ji (^} OfcApL—^ jl>*__A-u| ^Jj , '.1| ^Ip ^JLlLl 

. *. d*/3 j_j ljLJL ^ ^i^LJ.1 t t- i 

Cjzi iijj->A->iil Aikdl ye- oLp jihj : AjjIj 4I L<l— IL jluJI jLH >>>■». (A) 


p-Ls^M iaX ,_jJj ( _ y «^-> 4 ^I_/>*-sa1Ij OjJail CjUUJI 

IlIIII - 4 __j.A_j.A_p~ l_AA 4 _jj_Jlj . 4 _j_j^_J-I ISLij^it l_j~® j_j jj.laT ^d! 

£« La -LLpoj lipljjU L_aJIj S^jjM ik _« ( Vj-^jjN ) ginOUS 

a£j Ja>- NU.L jL_joNl; i_j—^l ^r^LlJ-l 

L-JiLMI La jUcJiVl y j ^Ji^ajj jLiot W>\ j T , o y _^_Sl ^1 _>W J^' 1 ' 

C/> ^ J* (3'-^- i cs* ^l_L>- jjLjX Ul j-sJ\ yj baobab wib^UJl j 

i_*^ L\jjj>1 t_j® j4^*J 1 “Lllj* — >■"'^1 t-\j>t^/a]\ JL_L i — lyJl JjjJtJl 

• l/ %jjr* (_ 5 * 


y La ol!lj__ci"l a-aIj i (J~— aA — “*^ (J^Lji y J^IpLII oAa J__juj 

'^1 j»j_>*Ul oMST y j ul) j— aH Aj-a-jj vjljjJl v-LLuJl O'^L^T 
. ojU-l ,_5jl>tvaJ| y L.L.I (_jJill jl tse tse ( _ y >~j ^jbi La jJ^Z , j j 



kuLaJJa^u) 

&;ULuJaJ| LukljjtaJI 




Abrasion 


Absolute Humidity 


Acid 

^ j *<*•£** 

Acidity 

LS *a*>- 

Adaption 

i ijSo 

AdiabaticCoIling 

-Xj jJ 

Air Masses 


Algae 

. i Jlsxla 

Alluvial Fan 


Alluvial Dcposite 

■L^a^S i ^1 j j 

Alpedo 

vlr* ‘'■"■**'^1 

Angle of Dip 

*dj'j 

Anticline 


Annual 


Aquatic - Life 

SjL« sL>- 

Aqui Ici- 

J? yr f-U Olj 5 *- 

Artesian - Well 

Ajjljj'jl Jo 

Arches - and - Stacks 

4jj>xJ ji\ 

Archipelago 


Arcuate - Delta 

■u >-j y> bJ^ 

Ash 

j 

Asloronomy 

biUJl p-U 

Association 

J^ISO' 

Asymmetrical - Fold 

^3-WJ yS* p! jj-XJl 


Attrition 


j\ c$ _/?*■* t_$* olxxAl 

Atom * ji 

Atomic t5 ji 

Attributes oULSl 

Attraction (^Uaii^l) 


B 


Back Wash 

j>«Jl ^-l ^Nl ilJijjl 

Bajada 


Bang Kiang 

J-Ljjl ( JjUb cJ6wJ aSv^iU y^\jj ^ «A >- y y»- 

Barchans 

LJ^Jl jL£Jl 

Bars 

SJtUU 2LL.J olila- 

Basins 


Batholithc 


Beat 

f ^jLi -A — 1 

Beach 


Bed Load 


Bedding Plane 

(JUauOl AjiJall £tla»x 

Beheaded River 

JJr^ jV 

Bench 

A. la ,ya< 

Blind 


Block Disintegration 


Block Faulted 

^Ls 1 £U*J 

Bluffs 

Ajj^j Ja5l y>- 

Bog 

* y** aJlL%xLI Ji 1 

Borrowing Organisms 

SjLi>- CjLjI? 


Bouklcrs 

Breakers 

Bulky 

Byoyancy 


l 

p->oLl 

pjjjH j\ y^> 


Capricorn 
Calcicoles 
Calcification 
Calci luges 
Canopy 
Capillary 
Capacity 

Carrying - Capacity 
Carbon Dioxide 
Capturing River (Stream) 
Cataracts 
Catchment Area 
Chernozem 
Chestnut 
Chinook ^ _^| 

Cinders 
Cirques 
Compound 
Compressional Forces 
Complexity 
Concave 


C 

objliU oULl 

■ v ISsJ ^ I yA 

<wsj r *j>»JL! «Lpx» obLj 
4jUJ! _)UJSi 
AjjjtJLll <U£jUL-| 
0 Jwtxit 

0y^\ JU^l 
r 1 ’ 

A^oj iiJaU 

( < Uva> w ^ y jj <u Jj 

UsUvsS 

<j 

^ V j* ^ jUlJl £-1 j 

oL5^J| jL>^4j| *Lj| £j >* j UxJjj olxxi* 

oLU- 

<-*£ jA 

isjwiJl (_g ji 

•yAju 
jMa txJUa 


Cone 



Conclets 



Contraction 


^L$0l 

Conlincntalily 


AjjUUl 

Convective 



Convection 



Conveclional - Rain 



Corrasion 

. cueud j 


Corrosion 



Crack 


( Aj^PtlvS (j ) O Lii-ij 

Crevasses 


AjJ-LM oliLiJ 

Cumulus 


iJLja 

Cyclones 



Cusps 

D 


Dccidous 


A»,ya,dj AjLf* 

Decilification 


LSLUl d jll aJIj} 

Deflation 


ajjJ: 

Deflation Basins 


Ajjij k y>\ _p-l 

Deforestation 


5jL*J1 aJIjJ 

Dentritie Patter 

dl wd^vadl LJ Ip' J^Uaj) (_5 / iai 

Dcntdrochronology 



Denudation 


CU>»J 

Desertification 


jXv aj 

Desert Bavement 


L^jIji^vV 5 'w J 

Deranged Pattern 


JjiljLo i ajj+aj .lag 



Dew - Point 

SJaJu 

Dip - Slope 

jJd jla>Jl 

Discharge 


Deslributaiy 

jir^O 

Dolderum 

y>^l 

Domal Structure 

*U*j 

Down Throw 


Drainage Density 


Drickanler 


Drift 


Drought 

oli>* 

Dnimlins 


Dune Colony 


Dumal 


Dynamic 

cLLA 

Dykes 


Ductlility 

{ A-J>X*u 3 ol jfc*-** ^_^j. OwL*li AjjjwO 

E 

Earth Flow 

U s*} ^ijPT 

Erath Heat Budget 


Ecology ( 4 J-I 

ohjl53l <uix>d.l olibbil , jv-Lp 

Ecosystem 


Ecotype 


Ecotone 

^Xc- jas^cji 4JLvsB «l2JaX« 

Edaphic Factors 


Edge 

(isl>-) u>- 


Eddies 


Eikuntcr 


Elbow Capture 


Environment 

Aiu 

Energy 

AiUa 

Eolian 

J'y 

Epiphytes 

AJuUal* ot>Lj 

Equator 

Jct>* 

Equatsrial 


Equilibrium 

0jlj3 

Erosion 

by* 

Erosional Cycle 

Ajj^ilt a jji 

Erratic Blocks 

<j}Jbldl (igjlj) aJU^ 

Escaipmcnt 

jl A-**vAA Ails*- 

Eskar 

i A^-L i A>-j^Cv* aJ A lb** 

Estuary 

lS 

Evaporation 

y*f)l 

Evaptranspiration 


Expansion 

^JLC 

Exfoliation 


External Drainage 

ij’rM- ‘-kjAd 


F 

Fault Plane 

iaai- 

Faulting 


Fecundity 

y ‘iSedJ UiiaJi 

Ferminalion 

yw>«5 


Fertility 



Ferns 


l— J 1 

Ferrogenous 



Fetch 

E 1 ^ 1 


Fissures 



Flesh Eaters 



Flow resources 



Fluctuations 


oUlSj 

Fluid 


J*- 

Fluvial 


tSj& 

Fluvio Glacial 


<SjV 

Fog 


i_jLvS> 

Folding 


eijUJJi (_j* *-1 jii t 

Fold Mountains 



Force 


„ *• 
0 

Foi e Shore 


^Ul J>Li 

Forest 


4jU- 

Freezing 


SaiC 

Friction 


iU5ei>-l 

Fringing Reel' 



Fronts 

Frontal 


ol£»>- 
l sir’r 

Fuel 






Furrows 

G 

SJ ji> jA>- 

Gas i ous 

iSjl* 

Generation 




Geophysics 


Geometry 


Geothermal 

„ , * M . 

Geosync line 

o*S > ~ 

Glaciation 

4jJuL>- Sjjj» j 

Glaciers 

4j.XsL>- 

Glaciology 

-t^LLl J»J S- 

G Icy Soil 

4i!j i>y 

Glassy 


Gorge Like 


Graded Stream 


Gravel 

frLvO>- 

Grasses 


Gravitation 

*L>Sb>» 

Grove 


Gyratory 

^y> jNl (1)1 jji aJ aLjJ *CJI jji *£j>" 


M 

Habitat 

Hail 

Halomorphic Soil 
llalictitc 
Hazards 
Headland 

Head Ward Eros i son 
Heat Island 
Heal Radiation 


J-\ 

4->>JU i) J 
ji \ jilt <UjL« otXo^t 

jUa>-I 

JLpUes 

iS^r* 


Herbs 


Herbivores 

Lp wjLil 

Hemisphere 


I leterogenous 


High Frequency 

"j 1 

Homotherniic 

jLA~! »jj| olji 

Hori/.one 


Host 

J 5 ^ 

Horst 


Humidity 


Humus 

Jb J* 

Human Ecology 


Hummocks 

, o!j»a5 

Hydrology 

^lll ^b*-* 

Hidrolisis 

(■•111 JjuJj 

Hydration 

* *f£ 

Hydrophyts 

(aj^Js <L 5b cjljL) 

Hydrosaline 

Aj^Jl* “Ubj Aj Ji 


I 


Identification 

( ) ^J-P t — 3 ^juXI 1 

ImersedsBody 


Impurities 

, *| j. 

Insulator 

JjU. 

Inselberge 

i jjy>- 

Insoluble 

ajIS^AJ Jjli jJz. 

Internal Drainage 

(^yb^b i — i» j^aji 


Intrenched Meander 

Isohnlinc 

Isolation 

Isotherms 

Isthmus 

Jet Stream 
Joints 
Jointing 
Junction 

Kienlic Energy 
Karst 


I 


K 


‘bjL-XLl ajl jJ-l ]o ^la>- 

O* 

i^jLii _jLj 
J-n^I ji 

O^L, 0j 

4sS *ciUa 
jlfT 


Lagoon 

Lamination 

Landforms 

Landslide 

Latent Heal 

Lateral 

Lattcrite 

Law of lcmiting Factors 
Layers 

Leaching of Soil 



(j_^a) LJjla «uL-Ljj a j^axj 
j>waJl (3jjj 

wjV! JlSLiMl 

‘Cal^Jl ajl jji-l 

<Oj|jU <U J> 
jjti I il) jj\i 

oliJa 

Aj^Jl 



Lianas 

<GLLvX« oULi 

Lichens 

( Ja i) CjIuM 

Light Rays 

*0j y*0 

Limestone 

j > S > ~ 

Liquid 

JjLv 

Liquidity 

<0 

Lilhsphcre 


Lithosol 

<q 4 j y 

Littoral Zone 

‘CJLLLJu Aj)Jh^A 

Litter 

<1010 LjLaj 

Loess 

*->y 

Long Shore Current 

^yLLiJl ^L>l Jzc yn> jLj 

Longitudinal Dunes 

SJ y& <Jl«j jUS 


Magma 

Man Made 

Mass wasting 

Maritime 

Meadows 

Meander Belt 

Meandering 

Meteoric Water 

Monsoon 

Morains 

Mosses 


M 

oLJ)/! ^*0 

w j\ oljUfll 

L Sj>^> 

ZJJ* 
A-Xijl Jlki 

_^Jl jl L_jliaAjl 
(JaiL-ill ^lail IajXa«) ij y*. 

jjl 

CjUISj 

(*£*>$ oULj) 


N 


Near Shore 


i ojiJl ^LLiJI 

Normals 



Northern Hemisphere 



Nutrient 


jdi jl jXll LilJdJl aI_j1I 

Oak 

O 

]t> jJUl 

Oases 


ol>-lj 

Obliquely 


(c_9 

Oghorcl dune 


J5LiJl 

Open System 


c r 1 ^ 

Orbit 


(tilB) j\x» 

Orbital Motion 


ajjIju 55 p~ 

Organic Matter 


aj j+ajs- Sal* 

Organsms - Micro 


A) 

Out Wash Plain 


J4*" 

Out Crop 


c-iUda.ll t_jLi5L> 

Over Grazing 



Over Thrust 



Over turned Fold 


<tJU 

Oxidation 


ju5\i 

Ox Bow Lake 

p 

L f*auai\ £ J^-Jl ^ 2-^laiu o^x>*j 

Particles 


lJZJ 

Pedestal Rocks 


Aj jlSsjjl j y^jsy 


Peninsula 


Percolation 


Perma Foist 


Pcrmeabile Rock 


Permeability 

WUJ 

Pervious Rock 

jj£ j>%*p 

Pillar Like Rocky Masses 

oJapI JSLi 

PH 

(<^3jaA-\ jS y is*- 

Pinnat Pattern 

K, ^jjj JtlX 

Pitting 

■ .^3 1 1 

Platform 

i_ 4 . v p j 

Playa 


Polar Region 


Polje 


Porosity 


Porosus 


Pot holl 

iolii j S jAP* 

Pot holling 

^jjtpJ jA>- 

Potential Energy 

olS 1 iiUs> 

Precipitation 

Ja3 kwj 

Preservation 

4jUv*>- 

Pressure 

JaJw? 


Q 

Quality 


Quantity 

(okS) 

Quantitative Approqach 

1 _ f »5 

Quarrying 

( ) ) l>CsS*" 1 





Radial drainage 


Radiation 


Radiant Energy 

4£Ufc> 

Rain Drope 

Jai\ Ol JbS 

Recession 


Rectangular 


Reforestation 

AjLxJI 

Regolith 


Relative 


Relics 

LLdj 

Reptiles 


Reindeer 

AjjJl 

Rejuvenation 

(^L/cdl) Silpj 

Rovers Fault 


Ria 


Ridge 


Rift Valley 


Rip Current 


Rock Sliding 


Rock Fall 

(_g )a jJUm 

Rodents 


Saltation 

4^^ Ajjix^aJl jAi 

Salt Crust 

*U->«XLi o j-wjdt 

Sand Ripples 

JU^I jvJ 


Satuation 

Scree 

Sediments 

Sedimentary 

Semisolid Slate 

Seifs 

Sinkholes 

Sills 

Slip of slopes 

Slip face 

Smog 

Slump 

Snout 

Soil 

Spits 

Springs 

Strata 

Stratum 

Stratigraphy 

Stratus 

Submerged 

Syncline 

Subsoil 

Subarctic 

Subtropical 

Surface Roughness 

Surf Zone 



(f- yuJ \ ^LwJl J 

yyj 

(aJLvO i^i-vai) A-lv 5 “C-di ‘'Jb > * 
(aJLaj i_S yy) ^ A^La J 


a j 51 p 

jU^il A>-J 


Ol >t— 

«Ua 1>- ajji ji (jVjjl 

JLpI 


<cJsisL*-vJl oLJ*l i y aLp^-^a 
aJU 
oliJs 


ijLi> 


CjlidaJl ja-Lp 
• aJU> 


jy *** 

yjuk f-1 _jX)l 

Sjydl U 

^yJxaJl il 
^jUl 'oy 


^JLwvJl ij jJiy 
AaIiXa 



Submarine Canyon 


tSs™. 


Tenperature Inversion 


Sjl jsl-l ^ 

Terminal Morains 

M 

oUtS'j 

Terrace 



Terracing 



Terrestrial Radiation 



Troposphere 



Thermosphere 



Texture 


gH 

Thunder Storm 


AjJiPj <Aa,o\j> 

Trench 


j >rU . 

Turbidity 


jlj A^>\ 

Tundra 


IjjeJ 

Tornadoes 


^^1) ^xll 1 

Ultra Violet Rays 


j ji 

Unconsolidated 

u 

J-S- 

Unidirectional Wind 


a>-lj ol^l ^ 

Undercutting 


_ld .it . /l t a <3 ) 

Universe 


0^11 

Uplold 


P-l jxll 

lip slope 



Up Stream 



Urban Heal Island 


ojIIj Sjt jJ~\ o 


Vapour 


Velocity 


Vegitation 

oIj 

Vent 


Venti facts 


Vertical Zonalion 

j ijsllau 

Vertical Erosion 


Volcanoes 

A 

Volume 

*->>■ 

Viscousity 


Volcanic Eruptions 

<U)l£ j> 


Water Divides 

W 

oLdii 

Water Fall 


(d^Ei) la.0— w» 

Water Vapour 


pill 

Westrlies 


(oLj^aSI) ^LijJl 

Xerophytes 

X 

k oljLi 


Yarding 

Y 

Sj-Avlia' 

Youth Stage 


4-L>- jA 


Zonation 
Zonal 
Zonal Soil 
Zeugcns 


Z 


iJtlkj 

Jiliu 

“LsUaj 


jm 4I | *Ai £U*J**4 


* jJUyulULil l^j! 

: Lenghs Jl I^Ml- ^ 

. ^ j>Jl JJ.I ‘ = l y , >^Y^= J I«\ t - 1 =j*5 , \ 

^ ^ - f j — «3i ^ y,ya = < — ^ n,i = r , ^ • = r \ 

. ojjLJl 


, *W:>^J| ,V^£ — jt-U-a ^ ^ 

uor = ^ ^>ji jai 

i**j'j t. -l i ^1 ^JIaaJ| aa! ^A_>tuaaWJ) — PtJ 1 — OfcA i. ^ aJ1 

. iJli / o ^ i <,1 apLj / , AoY 1 = ,_y*j 

,ji« ^ , AYA = ^Jii *\ = iaUJl 

{j* — = ^aj^X\ 

; cjU-LJ .1 » Y 


.Ajuja La>jj , \ oo = y^\ 

■ gj* f ^ ■ 3 A = gjA JA \ 

• gy Ji* jY'AT = t p£ \ 
= 0I>Aa]| ^ Y , tW = Jb>-!j jhS0>i 


. Volumes ^ - Y“ 

• T (_}*• jYi = • = l~**£a ji» M \ 

1 ^ • =(jSoj_«! OjiU-Y Y l =i Y'o , t= ^_x) ^ • , • • • = \ 

r r" 

• iA^ .Yii = • , ■ • • = jb-ij 



mass(ojjii) ibsCM-i 

• "V Y , o - p>*S ^ • = Js-ljJl (5^11 ( jiaj| 

■ Jkj ^ J ^ • 0 = r \’= wb~lj <*\sr jLS 

. «uijNl } • T & — |>l j>- 

: speed o 

. /((_gj>u cJ 1 ^^ ^ j ^ i = /{Jj- 4 Y j Y i — *colj / ^d! 

jr = 

: temperature l j! ^J~l *>-j,s „ 1 

. ^ , A Y*Y — j-j-ill = <o_ydl Sjl jiLl 

Y'Y + ^ • X ( Ajjlll Sjl ji - 1 Aj>-ji ) ^ , A = ^iJl Hjl 4>-_p 

: Air Pressure ia*-^l j Energy iSlkJI „ V 

— Zj j\j>~ sj >-j {j£- SjUfr jAj Calorie Jj>~I j (_gjl j>~ = a>-lj 

.(watt/hour) JpL-/oIj A'Y • — ^ 

■ L a avai l o jJaJ •uSwiUajJl oJ>-jJ| jl Jl| Jlvaijj jLJJu \ • * = « jb# 

• _yU-XX~Jl 


<uU 6U$Jbu : LiU 


alij U iu- J M d)t (JLp 6jiU.ll IJL* <y>y s Ol-'^ — 

t_$T (_yl^ \iajuj> JjLJl jJjj iiy * j 4-1 6_}jl kjU** ‘Alj y 

ob_ciUj oljJLll ot ^ dJIUJj tcjUL^-Ml £^>- y >il!jj a_J j^»_Jui 

• I 4 U; ypll J 4 ~d U l^Jjj y '/.$ •■ Lyi JiiJ jlfiNl y 5j_^Jill 

y -uuL_J ( ^5 Ujj a«jI a* ^jip Sy y * Work JjuioJI — 

.L^ojC <Uj j jJlJ jv,J lij ^ALo-fl tifljUJJ ajL~« y SjjiJt i_jjv* d'A’- 

Y* > — *tx o (_jjL»j 6UJti (_jjI Jj aaSj ^y <l)^i jlc*I ac* ajLJi, oUl j> • jX-S 

t fly. A£JI - 

' ol ^U> us ■ill JiAJl jt J^JU aJiS 3I y>53l y> Enargy iiLUJf- 

. t__)lxSCJl Jjl y Cj jS'i Ailkll y £-1 jjl Jj»- yj . £tJ| ,Jp-j jl 

iw« j SJb- j y ^jJl J^wJl jt (U— iJl yi 1 Jii Capacity iyLkit — 

, 4ili» C— Jj Cm SjUi jJ y l$Sy«X *$&a SjLvJU C Aly» 


4_S* y~ iAUj| jl jJjJ *J 41p yt_ ill J-Ci Force i j A H — 

ojj , djl-is*. jj 1 ^ ^jA<u j Oy j***j aip ^tXq ^aJl ytJI jl ^yX*^ 

, Aly-* 


6l AlSUj ^ ^L-Jl p—jM tl)T (Jlp y»ij : istj-jM i ll ».y #Uu — 
ap j**Jl ^mjCj l — $ j>£a [^Xii X j> * d l c £jU-l y 0 

^yLp o Ijlfc j-rnmAlJ C Al? 0 _j3 A_ Ap 4 J*S“ 

. v_^p^>Ul ii^ij 61 -i*j ^UNl S j^Jl XX j& jIj.o- C -.jI <jlill ( J^t-°' 

6lp y illiA j t f.LJiV! 4-5 j>- j.jUj ^1 SjiJl Jlc :Friction 4UEJu»>¥f - 

t _ y JiP c3j-t iv> Ji — » sliding friction J ji\ iil_Sc_>-^l ^y. 

U lUSi>-'i/U <-i yi a 5 j?tlJ a«j 12_-« yw Ijf U ^Cj illScs-l dyj 


rolling illSb^-'lin ^bJl . ijjjXvail j*iJi! jt ^ ^ J -f 5 ?*-* Jx i_JliaXj 

illSb>-Nl <ujIaj i)j& illJ-l oXa y j <1 j*Sll yp Ajljia^t dLy Ji« 
— *Jl £jy>M j — *j dUDj t ^ p-j nJjVl ^yJl (j- 4 Jit 

ol^—i 1 $jN oIjUa—L-I jA^jb ^ Cjljl5\ijNl jv-aI y> ajpiO • • • j>«j Jn« 

^ 4_sy*iJ p-I^Jl AmujIa* A__*«»At Ua ,_yj *)lj ■ JiJl ol—JLfcp y» I j-_iS 

.frtj/% aSIS^-I 

A4m4>»p- ^t aI^*-* o^L-aXa^I (jA^* “ ‘ ■ '* " (_^t Ajlia ^P Sjl— P ^A * m 

ij j* Jslj-Jlj oljUJl ot x_y ^jaj <. aJp yl Jill J^ldl Jl jj x«j y-pNl 

. aJupII ^Lm>-NI £A JU-I ^j-Sp l«Lc 

J y>~ A_J?y-l yp Jil j^Jl oL5jJ> j\ olji oj>-l» ( jp ojL. P i 4 — 

. oj_)Ji jt* ^"jji yt jiLJi ois is - jJ-i cJi* msj ytnJi 

tjA aJU_x5I Xp p- _ ydl aJ 'jJyjx^X i (_gJJl pU>JMI jL_*u£jf — 

ipLUj pI pUdl ikl! Xp t_gx!lj jL«S^MIj ,y>J«_J! jt pill yj frl 

{j* aJIUI y* )>. yj| ap Jaj clv->- U— ^Xu AiliSJl vj^L-lsM ciUi £4>- jjj 

. Jx* J jjlil Ui j yt Albs’ y JL>tfr Jl Jit AibS JU^ 

^ IX-lj bjjiJ 0 >jI~*a ^y-Aj jbjlll <>X »- ji : 1#$^ ■ triij iAK {jAtCui 

IajI — ^IdJ 6l_Sj lAjJii a_>-Lm o (_j!p ^11^1 (_ S^yi la* — vdl ^ iwil'Sll 

1 AVV (*lp U j—***—^ ^ villij j4s^ \ • VO JLS Ja^-vJ laXp (jl^lj S — P* 

y ijiJij i^yy^ui ixjSfriiij jUa_ p[ j % y> ^ J 5 ;^" aav jis iaXp Jitj 

. 1 ^ V V ^Ip jj-Ja-Apt jfrit 

l ^ fl-wj yll AajiJI J>«-4 J'*’^ '-'tSjJl yi^t ^j/xk>tXA ; IjajJ I f. (I Mi 

CjI y> ys 5 yp IjjJlll^ll Jai jAl-4 XJj iaIIjUxaII X>-t frblt y 1)IS yi l A 

•^t ,t 


• £-1 jj| AxjjI aS’ y- 

y> OjLp flj l , . fr' . l l iljil (1 ) j5uj ’'I* 

. AjLa^sj 

Cj?3 4 — Ay — -P 4*— Xj Oli AiljXll iljil t Jj£jj j " ,. * — » £tda**i # 

.jkj> ^jLp jNjjl ^ ajjIjj ^Ja** jVyl <!t 

J I C i ^ ^J5j- 4 ^3 La/ 3 | AS Us ! Ai ijtjVI AiUkjl _ 

^iyt. L-0 J^b iy~^A aIU- y i_j V »j'SI| jjJ^olW Zjyj ^ L-L— I A^lij 

. U^-liL 

y , «sbp js-^l bjSco : Magma j. d-air ^L, »>.<■» i--_s>ij| « 

_^v^va]l (j* <Ua_*aO JjJj UbXp (_5-Ut lfCL»~]| .Xm-SI Aa1X>c^ Ajjl <j5 oLfT jA J 

u p* ^Jd ‘-lUJS’ . 6Li'_ r Jl — A)l Sjl ibjj ^y-JlxJUj ibjj A_X»-j jj A__>-_p o^i 

J^-b ij>-jl! JajtsAl! j~>Ju ^S- J^ju ^jX)! AjjUJlj o jLJaJl jl jil ,jJl-*i y^a}\ 
^ylij till jUti iljll 6 mIa yj tl^p^j l^Wx) Lw cUUij i w> J^\ S 

• Cj^SCJI -b-“^ <yttj 0 jj^sCJI ju~s1 

: J^*J^ ®>*Ai4 J<9-U i r>‘i ( Ojjfj jjjJI £Uuuriff — 

f : 0 j—vsIIaJI jjUaj Jiy oLU .„p ^ ^IXj 

oU^w>- l$x* i tyZi dKixl U i _ r Jxw> ^ aJU- ^ \jt,^y~y ^1 

<J^** Ala-J^d,! iiHl ^jS Ljjjxitj AiSlA Aslls> J-o^ A., la U cjj Ajj y 
■ Jj. iS^y* 1/ ^j^fl (jlsL; ^ jj>%~p Jl jAJ J-4 -xj ojl y- 

y i~_ibaxj A^wJalxijj yS CjI> yt jJ yj : ^^.‘“.Ui*. X ^ j f tf _ 

wJlj l ^yai\ Is- yj Ifs- y y JIUdo' j L^J _jJs» 

Ji A**iVl ^.... Av jj i j-Za jJlxJl oIJa-_j I^iLJ y jl 

oO>-jj LfiliijJ y\£j djb y^>- olslkj j\ A^Jj»-l 


yA ^ X A ^Uaj y& t | 

cjbijjj S j* -^ai oU - ja {j* Ij_J ^jxll Jl oli 

j\ <LC*_jA| JiUaJl 4.,<3d. >^A obi jJj |Jt>- 4JL)_jJfc» oL> y> (jJl 4_ JtiP 

. LfrJly - ja Jl U oj y <*Lvj»- {j* l y» 4iA*xll 

. eilll JOta*- £-l*J!>^fl j jjA <i‘ X^ali : Lr cLau4iVf Jt-AoJVf _ 

. 8 Jill J> Sjlji-I ^ UiAw.1 Uli <ul» : ^aUaJUVI * 

■X>y 5it> J-S 01 OUjJ- t iolll ojl jy <-^-jJu iaOjJ t Emition u»Cm*j*l _ 

. AiUaJi v^aj jJJall jAvaJl l jP t^jjl y>~ 4>-_p 


yS> oU^Lco £*>■ SjLp i Remote Sensing juu ^a jl i t>>Vm¥( _ 

. Ifrj jOiLLl 0_p C* <L>ja!I jt 4~>AjNl eul jAliaJl 

£-1" — 4_»UaJl <U ^ISj _}l — fry- ! > A fr .oljJ) — 


^*-1* ^ i {jA l-<8->x>" j*Sl A*ia3 ♦ J Q 4 1 4 ^1 « 


A^oOJ ,^153\ ^ncvail) Col — p\ jA Jl ( j*J i^wvjJl Jic : 4dUt l . A fc i .XI — 

C CoLpI jA — )1 *0 £^1a£ jjjjwijl P-lll c3t^ — >* ^j-A l^jl*-vJ>- t A*>ji — > xaa3lSI 

^.jbJl jv->t>- ^5 a_JUj- Ifijj frills 5ouJc» ac-axJ| d)jj ^ 

. A^Um^JJ Aj^sll A^cJl ^plp \ * • X A^lSsil ACxJl *j>" ^^1 p 

'V olj>iJ ( yA l^o l— ^ tjjf® frlo> Aj^>«*y0 ACP L®uXXP t jjri3L*^L4itff mm 

Aj^ill A**cJl t 1^-^“ ^>Ap ^9 — > *“ 4 ^j /2^X 


> j£L*A Aj^sll AaaavJIj ^ ^ ^3 L<4i ^ 1 l frill ^ Aj A^»j^J l J 


: Stresses c*bt^vi M 


! Jtj U^si Cobl^sw^ll ^yfi ^1 y Ao^ Jo>- y 


j y> r^) \ JaiwaJi ( jP «kt* +/ a } \ otaLj^-l — 1 


. <U >>o~ 


jji obL^i jjtj : Shear Stresses obi^i - y 

. j>4 * J~ jitvaJl y by- .1) Ji jl 

Lg^e> 2r^' aJiJl ,y ‘b-bJl obt$>-Nl GLlb y>j -LiJl obl^>-l — >■ 
Ja jjwaJLJ SjJ jJx^tiDj l j^oil £j-U*aj ij Ji*J 

j^jAa)) otal^yj UojI j A--b.it.-ja.) I 3 Jill ^ y A *>A-v J AjjJh>«il 

p ^ISo JLiJl otal^j aj Aj/’la- A d.,a„, ./i Ai)b j Ajjal all 3 yJl 

^yS lOjtA—djj yi i£j — >t4 £J>-J A I, jb./> A“)l A__*jj! j-Xii) 

. 0 • A 


t A4li>t» oUl^l J J ybu * Joints 4 jjjttmueUt J-u»l^-4JI — 

' i l ■' --i l Ja Ja>- ^ jt J^jUaxJl (_g^j £j> A_>«jjalj 4_J^tp l ^ . 1 oIaI^NI o-Xa j 

■Xa-'jjj toljJJl oL-^b AjjbJl jjawzJl J 3 t Aj jSJI frbj! j-At-aJI 

AjjUJl y Aaj-jjj 3-X»l — »cil (J-'/’l jAll y> i1)Ip J 3,sIp <Ljj— -J l jj>tstx)l 


y i ip * Jl JlvaJ-vaJl Jliol ^Tji * Jl I lrt W il — 

JaLtXa-'illj oLAl ( yl s <2^l J-P AjMJI yuu 3jJij j Jl J* — aJi ij J* 

tiJJi 4 /A ‘ V"' - ! tS 1 ^ yJjb-Jl (J~° 3ibj Jj iS^yi ^ tjJ 

IajL^JI j\ Jl &}i u 

1 » — i k** L^m<J 1 ^yjLtJlLo t yAW»W ^ C ^-LxaI i I Ai^ * /2 , A ^ y3 bJwi?" 

4^Jl.,.,^l^ AXaP l^,.S ^ ojU_P <. (J LyaJ-A^aJ 1 ^.vUiXjI jl^A — 

ii J^- JT**^ ^ j>x>- 

a (Y • *\ ^ 4op-t>Ujj c5 J^ajtxlU ^>-1 j) 




5 ^^ 

4 — aS>-^J J :L| Jail yL| 4 ^ <\AA 4 ^yJ — 1jLsA« -L_« P-t .X« — oA ( ^ ) 

,AjjJU5CvjNI 4 «U*^lsM iiyil jb 4 y^ly^jyjlSvJl j 

, ^y <byj| <L*!_p ( \ \Ai ) ~Wpo> OU^Wj jJU- ( Y ) 

_)b 4 (_) Lo. — if* ( ^LJ 4 -q — ^- y 4 bp-yJy_3 jyaysbl 4 ^ *\AY* J 4 *— •> 4 J ^ 11 '?■*•** ( ^ ) 

. a y>litJl 4 Ajy^ll yL^-*S/l 

. Cyjy>3l Ax-al>- 4 d-j^Cll d>l 4 \ \A^ 4 ylS" >XaA*-l *XyJ-l tAy ( ^ ) 

. ( yalj^Jl 4 jbyJl 4 \ ^ A“\ 4 i_J y i ^y^Jp jljA\ '^ e ' ( ® ) 

. ywo i y^Sl jJi j J jN jJl 4 \ *\ *\ * c ^y^yi br^ 1- ^ ) 

. 5 jaIaJI 4 <L^jj^J| L>- jJ _ybl <■ ^ *\1A o jj y>-lj LS ^ a iS ( V ) 

<U>-yly jy4yji-l oljAllaJl 4 ^ ^AV 4 „■«>«■* j_£ j^yp •AaJ'x^l ( A ) 

. 5 yaUJl j yid! JiUiJl jb 4 

i — jjb»»dl jj^j 4 J>l y^Jl cjLL»aJ| 4 \ ^A£ t ( *\ ) 

l ^ 1 iJ^Jl l <Lj^*J| ‘Lil^Adl 4 Jl>JJ 4 <uiii-| CjL>jLa1Ij 4d«_*il 

. a yhUjl 

4 « d l 4^__>-yS y-Sjytj — *>• 4 \ ^ ^ 4 ( \ ' ) 

. aysbJl 

4-*-»lj,S <_yydl J,,< 3 .. .» p\ yw» 4 ^ ^ ^ Y 4 ( \ \ ) 

. a yfcUiJl 4 <U*,daJl Lil ycM 

cul— J ujJI 4 ^ *\A0 4 t _ y v=>lj 4->lp Jl y_«_ P^o J 1 _J (_£^_»vP JL_»>w« ( ^ Y) 

• 4 4jbijl ^b 4 a^>- yi y* 

jb 4 l yij'Vl IjAh 4-— P-jJy jyyp- 4 \ “W ^ 4yj| yl yjjJl ^jA—vP X*j>tlA (MT) 

. CJJj*} 4 OyJl «Wa^,bl 


<. jhi ^ dLi^dl 4 ) ^AV t jj_*1Lc- tJct 1 OO 

, jiaJ 4 <L~jJl!l 

. ..'•> - ^Jlxj j i ^ , i ^y*j 4 *0 j ^tsdl lgi„ ,A.liaj_y 4£>- _*j ^Jr' ^4^1^ I 4 ^ ^ A A 4 ( ) ^ ) 

, I ax^L>“ 4 1 Aj*aDI t ^ j-vsaaJI ^1 

. S jAlill l io jjpJl ■ * Ag ‘" jL 4 djLdJlj £-Ui.l 'Lil^JU*- *■ ^ 4 .Tjlj 4. A m * jl" ( ) 3) 

4 olixj>«ll j jLxJl *UlljA>* t N ^ ^ 4 4— i£j ^0 A^>«a_j »AjL O V) 

, o ^ aIa)1 4 jL 

: 4.4.1, V»Vf : UI»G 
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* trtVjf *4 <!<*•• 



yUll IU> 

,iujubl-l A=l-l*ll Aa j^ill A^LIahxII aJu ^> _^JI A~o|jjJlj <UA*JaJ! «Uil < il jJ -1 (JjliXj 

y> AwJ> _^xll ai* ^Ji-a A_*J^*JI A_jilj_«L| <U_x5\ll ^jh ^c- yol J ( ^j,aa.a.i i_aJ_JJ.I A_*d, U, 

l$*.lft L yy A . . la i l Lil JL>ta AaJJii-a Ajak 1 Iwwwl Lil ^—fcsl-l twJLk ^ k*u II Awljill 

. <U » j. ,.lal l Ajtljikl O^l/lsJ.1 Ji" kAl-A>*£ll Alwlji ^ A*<wl*Jl Ajljk 

Ut-gi-vuljJ <Ua-A>1j j>UaAllj AiUaJI j» __j^Aa aJ^I*w lAJUwll a ) ^ i 1 1x51)1 Ika 

i ^lll l^ia gj AiUaJI J jA JLSwi' i il ilial l jja jfi tillS JlwS'lj gw tAjtklaJI Lil jJtsdJ 

'vj^l jptj L g -vajL^a>-j j iLUiS'j a Lil ^ asL I ^i A^jwJaJI oLLa-*Jla Jsuly 

,Aj*-Ja)l «Lil j*iM ^laXll Alia! Jj OjLi^fl gA 

jj>t+a A_wl _pj ^y> j^l IwwjS " y Lwl _p J'>L>- {y> ,j;jlxJI i-itAiJI Awlji ^jiS L_j Lt5” 

l^Uwlj Lfl' . ' ., *,., „ > 1 j kL**>- ^ys A_o ylNlll CjI—S" ^J-l AkL*wj A_ill>til l_£p| jpb A ■-... / » j'V I 0^— iJi)l 
ivaJal ya L-^J U AiySUl g-ljjVl AjjJii A_wlj*U ^>Lx»'}ll ^a 1 _ QXe Ai^LJI OIjI ykUillj 

.AjSUI ( _>a , jVl gc ja ...a JLSLil i yA JjwL*Jl 

AA-LJl Jl5vi' l i)/lj Igj AiaJjil oLjlawdlj L jJ>j' < Jl g r.t a .w M ( J-5L*J Jwwl jJ> i iLidl JjL_J Lkalj 

1+L -- *jzj gyLJI j j„k: ,j aLj jil oUu_*Jlj L_y«~ill ; Jia l_^ic 

. JlSwi! Jy> l^j JauJ^a l«J AjSI _^Jl OUiaMtllj 

^jll pij.w>aVI jai- ^J-A S Jl2_ilj AjvSj^ll A-iUall — a A^aljjJ l-jUSsJI yfi j—*3 tillji" 

Awl jij a^jlj-J-l il)l_kil ,2)1— aiVl y\j aAj_fiL«_i^|| AiUaJlj aIIIj A i'^S- j t^—Uaill 

,|*Jl*JI gjwa AwljJ l-ls’j AjjA>- ol jAlb ^a l^j ki^J laj gAjjil_J ^kl ^ 

alklj 4jJ_Jjk| OUI hall J oUaj_aJ,l Ji” ^ L_it>l_iJI A_wilji l iLlSwII l j£> j-AJJ 

A.l.,.,<a.ft" AaaljJJ AalJ^iu yA tw3^l»JI AwIjilL (JjUa t_jlzSvJI li* Ajl^J i_j^J 

liaal (JjLilaj '•i^yrT _y*w5'Vlj plllj cJ*-^ tjjkjVl ^tkwu L-^Jljji A..>w ; u jJI a ^ vaLi*J la 

.AwwJI |vka AwljjJl 

Ol>J lay a, a y A* - ■ J AojU AjlkJ CUX Lai* tJISwVl J Ja_Sl y L| y* liJlc iwjL^SUl yA—^aljj 

.Aal^JI Ola jkdlj ^j^voUil ^ ixxjj AjXjwJaJI Lil^AsLl 

, aj^aJI Ajil jkkl A*iS\ll IwUwIa>- i_iLkl Ji iw-)USlll IJIa 


tio j5vJI aJjJU Jw>- jJI kLS^J l-j| jyJ&A 'T' ^' 1 

-liuJI uUS.II jla 


